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APPENDIX B
AMBIENT AIR SAMPLING AND AIR PATHWAY ANALYSIS

1. PURPOSE. The purposes of the ambient air sampling program were:

a. To collect air samples in Kuwait and Saudi Arabia, analp  and use as data for
4 completing the health risk assessment, and;

b. To conduct an air pathway analysis of U.S. military and Department of Defense
(DOD) civilian wures to contaminants ass&a&l  v&h the burning oil wells.

2. REFERENCES. A list of references used in this appendix is contained in Annex B-l.

3. BACKGROUND.

(1) This report contains a fmal summary of work completed by the Air Pollution
Assessment Team (APAT) in Kuwait and Saudi Arabia during May - December 1991. The
APAT was an integral part of the U.S. Army Environmental Hygiene Agency (USAEHA)
Health Risk Assessment team. The USAEEXA  published the Interim Kuwait Oil Fire Health
Risk Assessment in June 1992 (reference 50). From July 1992 through November 1993, a
series of work tasks were conducted to includez r&&n of the siuqeci& air monitoring
data, per review of the interim report by a se& of agencies; development cf work flow
procedures to complete the geographic  information system (GIS)  exposure model; and a
return trip to the Kuwait and Saudi Arabia sampling locations during November 1993.
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(2) Additional background information on the geogiapbid  and climatologi~
demiption  of the sampling an+ the air pathway analysis overview, ambient air sampling
equipmmt and metblology  are contained in the interim report (reference 50). In summary,
ambientairsampliagwascondudedatcightfixedsi~artdtwotemporary sites (see Table
B-1) e rekrcnd  U.S. En * Wrot&onAgutq(EPA)andNationaHnsiituteof

.
occqmmdsaf~and~~osH)sampling~.  wy4,oooair
mmpleswelwollec&dandallal~frrrmMay- lXcankr1991.  F-B-lisamqof
theKingdomofSaudiArabiaandasdatalsampIingsites.  FqgureB-2isamapofthe
EmiIateofKuwaitandassociated.wmplinPsites.

b. ~~lq@l~ Windqxxdandwind-datafm--Military
City 0, Saudi A&; Khotmr Towers @hahan htemational  Aiqmt, Saudi Arabia);
~Militaryaospital~~InternationalAirpd,guwaa)dufinPMay-December1991*wenzsumman&illtowin&oseplots.  Tlke~plotsdisp~ythefrequencyof*
occurrenceofwilld~llwith~ wind speed chses (reference 51). These
plots are displayed in Figures B-3 tb10ugh B-5 for the rwpective cit&. B&I windrose  plots
fortheSaudiArabiasaes~laywind -* gfromthewtstthroughnorfhdk&ons.
The Kuwait windrose  displays pdomitm northwest  winds. ovqll, these plots are
condent~historicawindro~~forthe~edties.

4. AIR SAMPLlNG DATA FREPAMTXON~AIJDA’IION.

a .  Allsampl.escolleckdattheKuwaitaadSaudiA&iasm@ingsitesin1991w~
s-w-lYinput~--Jm=--* .anddBaselIPdaabasems.  These
contained the ad * * . tive [i.e., sample idenbficatroa,  collection date(s),  type, air volumes,
etc.] and analytical (i.e., pollutant mass, analytical  &) data values. Field blank and matrix
spiked sample information were included in thes database files. After a quality control
check of the raw d&abase Eles,khe  associated pollutant-specific  concwtrations  were
aWated. This included checking the eg field blank dafa values.

0 Imtus l-2-3 is a ~egistenA tiaiemd of the Utus Development Coqxxation,  Cambridge,
Massachusetts.
m dBaseIUisar@stered mdemark  of Borland IntexWional,  Inc., Scot&s Valley,
CdifOlllk

E-2



TABL8 8-l. SAWLB MCATIONS AND SAMPLINQ DURATION9
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Saudi Arabia
Kuwait City
Temporary Sampling Site
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Figure B-l.
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(1) Sampling MetW for Volatile Organic Compounds (VOCs). The ambient air
sampling EPA Method TO-1 was used for WCs (reference 19). The Grst validation step of
the WC data included: checking the Sample for bxkthrough  (mass of pollutant on front
and rear tubs); sample duration; holding time ktwaa allection and analysis; and checking
thesunpieflowratcchangebetwcenslartandstoptima  Onesignifi~tmodificationtothe
EPA Method TO-1 media samples was  changing the holding time from the method’s specified
valueof14daysto28days.  ThiswasvalidatedintbeUSAEKAlabora&~byaseriesof
ex@ments  in which EPA Method TGl samples  wcrc spiked with known poWant masses;
air volumes drawn through tuk; and then subsequent laboratory  analysis of the test samples.
From thtxe expiments,  it was concluded that no appreciable loss of the spiked pollutant
mass was obmd when the sample was extended from the initial 14day window out to a 28
day window bctwecn  a&ction  and analysis. The ~WIX& &ration and m tube mass
validatianpatametcrswcrerwisedftbmtherespectiveguidclincvalutsfoundinthe~A
Methal TO-1 methodology. Table B-2 summarizes the validation criteria for the WC
samples. In addition, the modifications made to the EPA Method TO-1 vaIi&tion criteria
were @marily to c@xin  a grcata numtw of samples for gcnesation of concentration
summaries.

TABLE B-2. VALTDATION CREERIA FOR VOC SAMPLES

validation criteria
Parameter

Target Range Comment

Sample Time ! no-18oomin ! M

I Most Calibration < 31 96 Increased from 10%

II Holding Time ! < 29 days ! Imeased fram 14 days

II Rear Tube Mass I < 31 96 I Incrmsed from 20%

(2) particulate Maner Isss ‘IIan 10 Microns (PM,, reference 26). The validation
steps  for the PM,,,  data included checking the flow rate to be within the 0.7 to 2.1 cubic
meters F minute (m%ni.n)  range and the sample time to be within the 720-m 1800 minute
range. These values were also applied to the high volume ~ly@ic  aromatic hydrdn
(PAH) particulate data.

(3) High Volume Methcxl  for Determination of PAlis.  The EPA Method TG13 was
usedforthedemrmkti on of PAHs  (reference 19). The validation steps for the high volume
EPA Method TO-13 PAH data included checking for the total volume to be less than 325 m3
and the sample duration to be between 720 and 1800 minutes.
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(4) Additional Validaton cIiteria. other validation criw to include f?eld/tip
blank, sh@ment  and latnaxory  pxesenAon temperature(s),  and holding times were targeted
foruse.  Readcrsarre~~toT~~B-7of~~~Rport(~~SO)foractual
vahmofthesamplemediapreservationtime,holdjngtime9,andrrtaragerequitements.

T.. B-3. NUMBEROFVAKDSAMPI= FOR MAY - DECEMBER 1991

j- No significant mass detected on mercury  sample media
* Acidgasdacatobeprovid4inAdde&um
TsP=Mtal~~maw(cov~illinterimrepart)
m& = pzutdb matter less than IO microns

=mecbodforVOCs
PAH = poiycyclic  aroma& hym
TG13 = met&l  for PAH
HG=meruuy
NO/No, = nitrogen oxide/nitrogen dioxide
SOJO, = slllfurdio~ozone
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5. STATISTICAL -0DS APPLIED TO THE AIR SAMI’LJNG  DATA.

a. From the random variability of air pollution data, probability distribution functions
wereusedto~ktheKuwaitandSaud.iArabiadaiasets.  Fromtheliteratuqtwoofthe
most commonly used probability distribution fimctiuns  to ~BU~X air amcentrafion da&a are
the lognormal  and the weibuu (refL$rulcm 10 and 53). In additiorl,  the Ganssia (normal)
distribution can  be applied.

b. A series of kequency distribution plots were made of the data sets to obtain a pictorial
representation  of the initial data distributions. For most of these, the data were skewed.
Then the data were transformed using the lognormal function and the resulting frequency
distribution plot was bellsha@. This procedure demonstrati that the lognormal function
provide a “b&-fit’  to the Kuwait/Saudi Arabia air concentration data For this portion of
the final report, both the lognormal and normal probability distribution functions were applied
to the air concation data  sets.

c .  Itwasdtsiredb~~themonthlymeanand95percentupperconfidenoelimit(95
UCL) amccntration values for each  pollutant at each sampling site. The 95 UCL was needed
as input to the air pathway analysis equations for the overall health risk assessment. These 95
UCL values M obtained by using the following qaticms  for the lognormal and normal
distributions.

lognomlal: 9sua = e (-L6(5xa+tr)

normal: 9 5 u c L  = (1.645 x Q + u)

(1)

(2)

where: e = natural logarithm

E
= standard deviation of poIlutant
= mean concentration of pollutet

The a and U values arc specific for each  type of distribution. TIE Z-score value of 1.645  is
appliable for a one-tailed 95 mt cotidence limit In general, the 95 IJCL is defined as
a value that, when Calculated repeatedly for random drawn subsets of dais, equals or exceeds
the true mean 95 percent of the time.

d. For seleckxi dafa  sets to include the particulate PAH and EPA Method TO-13 PAH,
both the lognormal  and normal distribution s&&tics were calculated due to the high frequency
of analytical non+ktects. For the passive dosinieter data,  the normal distribution results are
presented for discussion purposes *
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6. DATA RESULTS.

.
ZL m MaSPA  Method  Tall. The VOC data for Khobar

Tawcrs,  Dhahran, Saudi Arabia, displayed a 2-month conoQltration maximum. The fitst
@coccurr4inAugust1991withthcsacondpesJEin-1991.  Etothofthcse
maximum amcmtdon  months WQIE followed by lower VOC amcauralicm  levels. The
VoC~~yincreasedwith~goilwell~rrnissiansd~gMay-
November 1991. The monthly and overall VOC concentrations for Khobar  Towers are
summarized in Table M.

(1) The VOC data for the Camp Thundercck, Kuwait, sampling location displayed
minimum amcemation levels during August  1991 with i.ncr&ng  levels prior to and aftur
this month. The ovemll higher levels from October - Nuvunber 1991 probably represent a
return of industrial activities and processes in the region. The monthly and overall VOC
concentrations for Camp ‘T?ntn~k are summarized in Table &S.

(2) The VOC a for the Miliw Hospital, Kuwait, sampling location displayed
ovaall increahg hels (excluding August 1991) during May - November 1991. The -
increasing VOC levels from September - Novunlxr 1991 arc probably a =ult of industrial
activitiesand~~gtoKuwaitandaresimilartbCampThundapck.  The
monthiy and o&&I VOC conccntratious  for the Military  Hospiti  are summarized in Table
B-6.

(3) Tables B-2-1 through B-2-S (Anrm B-2)‘display  the monthly and ov& VOC
concentration values far the remking sampling sites to include KKMC, Riyadh,  Jubayl for
the Saudi Arabia sites and Aiixndi Hospital and U.S. Embassy for the Kuwait sites. Table
B-2-6 displays a comparison of VOC levels fm Kuwait, Saudi Arabia, and selected U.S.
titie:

0. &&&s.  w. C-d- MhFilfefs.Sulfkte, n i t r a t e ,  a n d  c h l o r i d e
contention  levels obtained from PM*,,  Alters are shown in Tables B-7 and B-8 for the
lognormal and normal distributions, rqxfivcly.  For the Kuwait sampling sites, the highat
sulfate, nitrate, and chloride amca~trations were obsemd at the Ahmadi Hospital. For the
Saudi A&15. :Wpling  sitc%,‘thc  highest &fate, nitrate, and chloride am~tionS w
obsend at ~ubayl. The KKMC sampling site displayed the overall lowest PMIO and
zsso&ed sulfate, nitrate, and chloride wncenQations.  In general, the oil well fires
superplume (defined as the region where the individual oil well  fire plumes merged) remained
well east of the KKMC -ling site during the time in which samplink was performed there.
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‘I’ABLE B - 4 .

I

_----~
TO-l: KHOBAR  TOWERS

.__~

VOLATLE  OROANIC  COMPOUNDS IEP;A  METHOD TO-I,  TEMAXI
luglm3)

AblACYTE I., ,. . . ., . .

Benzene
Toluene
Ethyl  Benzene
m.p-Xylens
o-Xylem
Heptene

n-Propyl  Bsnzana
Non-target  at-&ten I

I MAY
UEAN _., SST)!,I,, _:..  ,,,,...>.l..,,  . ..-._.

4.28 11.7
11.4 32.0
3.30 a.2
8.45 27.3
3.14 7.41
4.06 10.8

O.BlB 1.46
61.2 108

JUNE
MEAN em!!I . . . . . ~...I.,..,...~,  . . . . . .

NA NA
11.4 30.0
2.47 6.62
7.43 IS.8
2.61 8.69
2.64 6.41

0.484 1.38
43.1 101

!

I

JULY
IE!N. .,... I ..,.,.  k!x!

4.78 NA
14.9 20.6
4.11 6.77
11.2 18.3
4.02 6.76
4.87

0.733
71.0

5.70 10.4
‘10.8 31.0
6.24 11.2
13.0 24.8
6.39 10.6
7.61 18.1

0.883 1.97
re1 884

8EPTEMBER
MEAN. . . . ..-..  ,......  ,.I. I..,.... __. sm!,...._, ,...., ,.

4.143 7.88
12.8 23.6
3.66 6.66
8.86 t8.4
3.20 8.07
3.04 7.87
0.06 1.19

08.76 133

OCTOBER NOVEMBEA
MEAN,,.I . . . . . . . . . . . .<-.  =ry, ?A,.~.,.,_  .v, .MEAN.  I.,, . . . . . ..__........._.  ,mn!. ...,,,

3 . 8 0  7 . 2 1 2 . 8 4  4 . 6 2
1 0 . 6  4 7 . 8 4 . 3 8  1 8 . 6
7 . 8 6  2 7 . 9 2 . 8 8  3 . 8 1
2 4 . 8  228: 7 . 0 3  1 1 . 3
6.98
3 . 7 0  1012

2 . 9 7  4 . 3 4
2 . 3 4  6 . 1 3

0 . 6 0 7  1 . 0 4 0.480 0 .130
132 402 4 3 . 7  7 6 . 7

X y l e n e s  m tieptane 0 Prpl Bnzn

OVERALL
MEAN BSTH. ..-.~.....i-..  ,.,.,  ,...-.. ..- ,-.-.-,

4.26 8.6
12.8 37,7
4.?2 9.5
11.1 28.1
3.74 8.9
4.06 9.7

0.840 1.39
83.0 199



TABLE  B- 5.

1: CAMP THUNDEROCK
VOLATKE  OROAN1C  COMPOlJtrDS  [EPA  MmHOD  TO-g,  fENAX

. luo/mSl

I-

Benzene 3.98 8.38 2.46
Toluene 11.6 26.3 313
Ethyl  Benzene 2.76 8.08 1 00
m.p-Xylsns 7.68 17.6 2.02
0 Xylens 3.02 7.03 1.08
Heplane 8.07 24.1 3.84
n-hopyf  Benzens 0.707 1.88  0.423
Non-target  analytaa 760 2380 IS@

JUNE

I

JULY AUOU8T
MEAH OSTH  MEAN,.., ,t . . . . . ..c I%y . . . . . %.&.,.  . . . . . . . . . v,.,, :,, %. . . . . . . “I..  .A..  %,*..I  . . . . . . ,.,,,..86W

I
,.I..u,,.,-.v.Y. m _ %,,,*m

29.42 0 .660 NA
64.1 1.86 3.71
3.18 0 .300 0.611

8.6 omo 1.00
2.76 0.300 0.300
38.2 0.363 0.688
1.63 0.0830 0.093
233 16.4 18.8

1.78 6.03 2.93 8.08
8.46 20.1 17.3 83.6
1.62 8.6 1 .@a 6.08
3.29 16.0 4.06 18.4
1.40 6.83 2.68 7.8
3.3t 10.1 8.67 28.0

0.360 1.14 0.410 1.08
66.7 137 133 636

NOVEMBER
MEAN BbTH.....,~....~*.~%II:,~,~

4.06 10.8
82.8 339.1
1 .I7
6.06 1i:
2.24 17:1
23.4 110

0.624 1.76
113 324

3.35 11.5
22.8 07
1.34 7.5
6.01 20.4
2.22 9.1
8.80 39.1

0.490 1.5e
261 DDC

AUG’ SE? OCT

-90

-UJ

-7tl

-69

-5
so

29
-30

-29

- 10

-0

U Benzem Toluene u t3ltl  Bnzn Xylem m H e p b n e  0 hp! Bnzn

dlection everagi~
eamples  enalyrad for thle compound

ng time:  12 - 30 hours



_- __._  _- ______-------  --
B-1 : MfLlTAAY  HOSPITAL.  KUWAIT

- .~- --

VOLATILE  OROANIC  COMPOUNDS  IEPA METHOD  TO-I, TENAX)
fUOh3l +?I

P.

’ z

Benzene
Toluene
Ethyl  B8nZ8nO

m,p-Xytene
D-xyl8n8
Hept  one
wPfopyl  Benzene
Non-target  endytsr

MAY
MEAN BCiTHI ,, ,....,.. ..x,.,.  ..-:.. .-., ,....  .,,.,........:

NA NA
6 . 0 3 14.0
I.26 io3
3 . 1 1 6 . 6 2
1 . 2 8 2 . 0 7

NA NA
0 . 2 4 3 0 . 4 6
2 3 . 8 4 3 8 . 3

J U N E
MEAN.A. . . . . ..~.?....  ..-.- 95TH,,. ,....?.,.  ,..,

2.31 NA
3 . 1 9 N A

0 . 9 1 0 N A
2 . 6 3 N A
1 . 0 %  N A
2 . 0 3 N A

0 . 2 6 0 H A
4 8 . 7 N A

4 . 2 3 N A 0.997 1.31
16.0 6 8 . 7 6 . 4 8 la.8

0.080 1 . 6 0 0.616 1 . 7 7
2.95 7 . 8 8 1 . 8 3 4 . 2 8
1 . 0 1 2 . 2 8 0 . 7 6 3 1 . 3 0
4 . 4 7 1 0 . 2 0 . 8 2 3 2 . 0 8

0 . 2 4 0 0.8?6 0 . 0 8 4 3 0 , 4 6 8
69.6 3 0 2 2 7 . 7 7 3 . 6

SEPTEMBER OCTOBER
MEAN. . . . . . . ..I . . . . . ..v I,........, .i.....,,,.._  kB6Tf.j  ,_,._. 8BTHMEAM  .. I,,,, .V.......,.,Il. ,,,,_,,,,,_.,, ,_._ .~ ..,,,.. ~

2 . 3 6 4 . 6 2 3 . 3 8  6 . 6 2
9 . 7 2 4 1 . 6 40.3 lee
2 . 2 4

1::;
2.24 7.6

4 . 7 7 6 . 6 4  1 8 . 3
2 . 0 4 6 . 3 7 2.63 8.4
0 . 3 3 4 2 . 8 6 . 3 4  2 9 . 8

0 . 4 2 0 1 . 3 4 0 . 4 1 0  1 . 2 8
1 0 7 281 79.8 262

N O V E M B E R OVERALL
MEAN:.- . . . . 96TH  MEAN.,,,..  . . . . Y.~,~,..~..........,~,.,~....,., ,,...  . . .

I
DBTH. . ._I . . . . . . .

2 . 8 2
2 8 . 9
1 . 4 7
4 . 0 8
1 . 0 1

9 . 2
0 . 2 4 8

437.9

4 . 8 7 2 . 0 5 5 . 3 7
1 1 9 1 9 . 3 7 0

3 . 0 8 t.e4 4 . 7 3
7 . 3 1 3 . 9 9 1 0 . 0
3 . 4 3 1 . 7 0 4 . 3
3 0 . 6 5 . 0 7 2 8 . 1

0 . 4 5 3 0 . 3 0 1 1 . 1 0
169 88.0 2 0 %

IO
M A Y  JUN JUC AUG SEP OCT NOV IB

U Benzene Toluene E&l Bum

Sample  colbclion  averaging  time:  12 - 30 hours
NA = no valid samples  analyzed  for this compound



TABLE B-7. WMMARIZED =-Nom 958 UCL for SULFATES, NITRATES, AND CHLORIDES FROM PM10 FILTERS

NOTE: Concentrations in micrograms per cubic meter {vg/m3]

TABLE B-B. SUMMARIZED ARITHMETIC MEAN CONCENTRATIONS tar SULFATES, NITRATES, AND CHLORIDES FROM PM10
FILTERS

NOTE : concentrations in micrograms per cubic meter (pg/m3)
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c. El!& and Met& For this section, select& metals to include chromium, nickel,
vanadium, and lead are chosen for discussion due to their potential toxicity significance and
the fact that vanadium and nickel are contaminants of Kuwait  crude oil. The remaining
metalsarediscussed,ifnecessary,andrespectived;rta~presentedinassociatedannexes.

(1) The PMt,,  concentration levels for Khobar Towers, Saudi Arabia,  deceased during
May - November 1991. Table B9 displays the monthly and overall PMlo and metal statis&
for the Khobar Towers sampling site. The Mnadium levels displayed an overall decrease
during the sampling mod. The nickel levels displayed two maximums over time with the
highest levels obsend during July and September 1991. The total chromium levels also
displayed decreasing levels, while the lead levels remained relatively constant over time.

(a) Additional time ties plots of PM,,, and metal concentrations through time for
Khobar Towers  are shown in Figures B-6 through B-10. For the PMto plot, the EPA
pollution standard index (PSI) values for the National Ambient Air Quality Standard
WMQS)  and sign&ant  harm are displayed for comparison (reference  54). The PSI is a
uniform method recommended to &ssify and m urban air quality. The air quality
evaluatedisdesignatedaspresenting”hazardousconditioas”ifthepSIisgreaterthan3oo;
“very unhealthful conditions’ if the PSI is between 200 and u)o; “unh&hfi,tl  conditions if the
PSIisbetween100and200;‘moderatc”iftfrePSIis50to100;and”g~”ifthePSIis
between 0 and 50. A majority of time the daily average PM10 concmtcations  exceeded the
P&, 2~hour NMQS. Thm-were four days when the PMtO concentration exceeded the
simt bmn PSI value.

(b) In addition, these figures display’ tbc total number of oil well fires and their
extinguishment over time. This is. designated as the ” +” curve on the PM,,, and metal
concentrations versus time figures. It can be noted that the daily PM,, concentrations
remained below the PMtO 24hour NAAQS after the tnid-ocmber 1991 timeframe. The daily
nickel concentrations displayed a large variation through time while the vanadium
concentrations displayed an overall decrease. The vanadium concentrations fell to levels
which corresponded to the analytical det&on limit after the extinguishment of the oil well
fires.

(2) The monthly PM,, levels for Camp Thundr=tocL  remained relatively constant from
June - September 1991, then m from Qctober - November 1991. The monthly total
chromium levels displayed an overall decrease from June - November 1991. The nickel
levels displayed maximum conatrations  during July and September 1991. After September
1991, the nickel concentration levels decreased, but were above the previous levels. For
vanadium, the monthly concentration levels displayed an overall dm during June -
November 1991. Table B-10 displays  the monthly and overall PMlo and metal statistics for
the Camp Thunderock  sampling site.
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TABLE 5-9.
PMIO: KHOBAA  TOWERS

I---

PM10  AND METAL8 DATA IH-VOLUME  REFERENCE METHOD)
bgfm~ t

--

I ANALYTE~.,.,~...A.~.*~,~.  I L ,.. ,1..-.

PM10  lMeaa Cont.)
Aluminum  IAt!
Areenic  (As)
gerytlium (Be!
Calcium 1CaJ
Cedmium  {Cd)
Chromium  (Cr)
Iron IFat
Magnesium  (Mg)
Sodium We)
Nickel INil
Lead IPbl
Vanadium  (VI
Zinc  lLnl

30% 722
HA NA

it
NA

NA it
0.0600 0.0134
0.0772 0.0060

NA NA
NA NA
NA NA

o.oa1e 0.1161
0.417 o.m1

0.0721 0.7220
0.1711 0.323%

JUNE
MEAMs...  .,-:I  .i . . . . *, %6TH% r. ..,. I,,.

228 39%
NA NA
NA NA
NA NA
NA NA

0.00 1% 0.0040
0.0108 0.0394

NA NA
NA NA
NA NA

0.0263 0.0802
0.304 0.836

0.0189 0.0486
0.096% 0.2106

267 495
NA NA
NA NA
NA
NA Et

1.0042 0.0100
1.0177 0.0363

NA . NA
NA NA
NA NA

j.0740  o.la72
0.408 0.066
I.0376 0.0810
1.0623 0.1878

!214 433 203 424 120 221 a2 103 188 45%
2 . 0 4  6.78 2 . 7 6  7 . 2 2 1.81 8.11 0 . 8 3  1 . 0 3 1.88 5.65

0.0016 0.0044 0.001% 0.0037 0.001a 0.0043 O.DDlO  0.0022 0.0016 0.0037
0.002a 0.0062 0.0009 0.002% 0.0002 0.0003 0.0002 0.0002 0.0011 0.0036

2 2 . 3  4 1 . 9 2 1 . 3  49.8 1 6 . 2  3 3 . 0 6.9 13.8 18.1 44.3
0.0017 0.0030 0.0020 o.ooet 0.0014 0.0026 O.DDlO  0.0015 0.012% 0.005%
0.0164 0.0321 0.0168 0.0343 0.0106 0.0186 0.0034 0.0072 0.0269 0.0450

2 . 0 0  6.16 3 . 1 4  0 . 6 2 2 . 2 1  6.b3 0 . 6 4  1 . 3 8 2.1% 0.1%
4.95 1 0 . 0 9 6.01 12.86 3 . 2 7  7 . 8 7 1 . 1 4  2 . 4 6 3.61 9.37

16.50 20.09 u.43 1 1 . 2 0 3.4% 0 . 8 1 1 . 0 9  2 . 7 4 8.04 19.96
0.0241 0.0702 0.086% 0.1028 0.0873 0.344% 0.0202 0.0574 0.065 1 0.1873

0.424 0 .707 0.317 0 .714 0 . 3 4 8  O.BOI 0 . 2 0 6  0.089 0.371 0.770
0.0188 0.0316 0.0169 0.0368 O.OOB2  0.0181 0.004B 0.0048 0.0278 0.0449
O.lS46 0.6204 0.0837 0.2804. 0.0762 0.1383 0.0843 0.1768 0.1082 0.3105

0.1

a

MAY J U N SEP OCT NOV

Sample  cotltlclion  averaging  rima: 12 - 30 hours
NA analvsis  oerformed  lor this enalvle
Nr sty drw &lid sample  for chlorine  ICI} and nilrate 1NO3-1 reported  for Jut\

a
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ALE B-10.
_.---- __- --____-

CAMP THUNDEROCK
PM90  AND METALS DATA iHt-VOLUME  REFERENCE METHOD)

tuglmll

J U N E J U L Y AUQUST SEPTEMUW
*MEAN  SST&MEAN-B5Tt-l M E A N  EI6J!$  M E A N  B5q

PM IO llwass c0nc.t 2 0 7 4 6 2 2 5 3 666 103 497 2 6 5 6 7 1
Aiumlnum  IAll NA NA NA NA 2 . 7 9 8.83 4 . 8 2 1 3 . 6
Arsenic  (AnI NA NA NA !A 0.0014 0.0043 0.0022 0.0068
Beryllium IBel NA NA NA NA 0.0028 0 . 0 1 2 6 0.0011 O.DD46
Calclum  Ka) HA NA NA NA 2 0 . 7 61.2 3 0 . 2 8 3 . 4
Cedmlum  (Cd) 0 . 0 0 3 0 0 . 0 0 7 0 0.0031 0.0077 0.0018 0.0043 0.002g 0.0072
Chromium  ICrl 0.0108 0 . 0 3 9 8 0 . 0 3 1 2 0 . 0 0 5 0 O.Ot  68 0 . 0 4 4 0 0 . 0 2 4 1 0 . 0 5 3 1
Iron (Fe) NA NA HA 3.11 a,99 6 . 6 4 1 8 . 2 2
Megneelum  tMgt NA NA

;:
NA 4.07 t2,t2 8 . 2 6  lS.Ob

Sodium INet NA NA NA NA 1 3 . 5 3 2 0 . 3 1 2 1 . 3 0 4 0 . 8 3
Nickel (NI1 0 . 0 2 0 3 0.060B 0 . 0 6 9 0 0. t 804 0 . 0 3 6 0 0 . 1 3 6 0 0 . 1 2 6 1 0 . 2 6 6 0
Lead IPb) 0 . 1 3 1 0 . 4 4 3 0 . 1 0 2 0.193 0.144 0.687 0.266 0.772

I Vanedium  Zinc  Un) (VI I 0.0231 0.0743 0.0514 0.1430 I 0.0624 0.0236 0.1600 0.0465 I o.otet  0.0460 0.0388 0.1070 I 0.0290 0.0830 0.0736 0.1682

w I I I I t

OCTOBER NOVEMBER
MEAN  arT& M E A N  S8Jj

1 6 2 3 3 1 8 4 . 0 2 0 8
2 . 0 5 4 . 4 1 1 . 3 8 2,ee

0 . 0 0 1 1 0 . 0 0 2 0 O.ODDB 0 . 0 0 2 7
o.ooo4  o.oooa  o.DOD2  o.ooo9

o.oZ 0.2X 0oZ oi%
0 . 0 1 3 1 0 . 0 2 7 7 O:D006 0:Ot  74

2 . 3 2 4 . 6 6 1 . 7 6 4.16
2 . 5 2 6 . 0 7 1 . 0 7 6 . 1 2
0 . 8 2 10.33 1 . 7 3 2 . 7 3

O.OBdO 0.6468 0 . 0 4 8 5 0 . 1 3 2 8
0 . 2 3 4 0 . 8 0 2 0 . 2 8 2 1 . 1 3 3

0 . 0 1 1 7 0 . 0 2 5 7 0 . 0 0 7 4 0.0130
0.0613 0 . 0 0 8 2 O.D649 0 . 1 4 3 8

0vmAl.l
YEAN  esT3$

1114 483
2 . 6 3 6 . 3 8

0.0013 0 . 0 0 3 4
0 . 0 0 1 2  0.0038

18.4 3 6 . 8
0 . 0 0 2 2  0.0062
0 . 0 1 7 6  0 . 0 6  t  3

3 . 0 1 7 . 3 0
3 . 7 0 9 . 0 0

1 0 . 2 7  9 0 . 6 4
0 . 0 6 8 2  0 . 2 1 3 8

0 . 1 8 1  0 . 5 7 3
0.01aa 0.0484
0.0626 0 . 1 4 3 4

0.1 so

JUN JUl AUG SW O C T N O V

0.4 - - m

-PM10 -Cd =Cr

Sample coflecllcn  averaging lime: t 2-30 hours
NA = nu analysis performed for this  enalyto
NOTE; only  three vatld  samples collected et this site  during July 1991 end analyzed for chtorlne  (Cl-), nilrate (N03.), and sutft& (SO4.2.)



Fii Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,  5 May - 3 Dee 91

(a) Additional time series plots of PMto and metal concentrations through time for
Camp Thundaock  are shown in Figures B-11 through B-15. A majority of daily average
P& coneentratbns  weft above the PMlo 24-hour  NAAQS. There were three days where
tbc daily PM10 concentration CxleEQded the PMtO significant  harm PSI. The daily average
PM&vdsdrq@blowthcNAAQSafboeeoba1491.

(b) The chromium and wmadium plots display4 a geneal  daerease of pollutsIt  levels
ova time. Tht nickel amccnmtions  displayed their pak levels during tht bse summer/early
fall seasons. The lead amccntration  plot displayed a gcn#al in- with time. This is
probably in- of the fdzlm of vehicle emissions which use Icad-basad gasolines.

(3) The monthly PM,,, bels for tht Milim Hospital  my -fromMay-
Novemler 1991. The summer w PM10 et&ons remained r&&sly constant at
arod 200 micmgfams  ptr cubic meter @g/m3). The total chromium levels were neatly
am&ant  from May - August 1991; they then decreased through November 1991. The
monthly vanadium levels displayed an ovuall decrewe from May - November 1991. The
monthlylcadlcvelsremainednearlyconstant,~~throughOctober1991.  Thisis
similartothctrcndsobservedatCampThun~k AswithCampThunderc&,themonthly
nickel levels pealred during July and September 1991, then m through November
1991. Table &ll displays the monthly and ovtrau PM1,, and metal Qtatistics  for the Military
Hospital anpling site.

(a) Additional time series plots of daily PMiO  and metal concentrations through time
for the Mititasjl Hospital  are shown in Figures B-16 &rough B20. A majority of the daily
PM,,, con#ntratbns  were above the EPA *hour PM10 NAAQS. A toti of six daily PM10
concentrations exceeded the EPA signilbnt harm PSI. The daily PMlo  concentrations
obscwed at the Military Hospital fell to levels slightly above or below the NAAQS
September - November 1991.

(b) The Military Hospital time seria  plots for metals are similar to the Camp
?Im.nderock plots. The chromium and vanadium levels for the AGlitazy  Hospital, Kuwait,
displayed a general decrease  over time. The lead levels displayed a general incrsse  0vcT
time.

(4) The crustal me& to include calcium, iron, magnesium, and sodium were
analyzed on the PM10  filters  starting with those samples taken after July 1991. For all three
long-term air sampling sites, the overall conmtrations of these metals decreased from
September - November 1991. This is attributed to the decraxe  in the Shamal wind events in
the Persian Gulf region. The predominant northw~  to southcast wind flow regime subsided.
Without the atmospheric cir&zion  patterns tranwersing  the vast desert ara, the oi&al.l
particulate  loading in the atmosphere decreased; and subsequent PM10 levels decreased.

B-20
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JLE D-11.

PM 10: MILITARY HOSPITAL
PM 10 AND METALS DATA WVOt.UYS  REFERENCE METHODI

balm31

I ANALYTE.., ,.,. ,.

PM IO {Ma68 Cont.)
Aluminum (Al)
Arsenic lAsl
&ylllUm iB8)
Celclum 0281

Cedmlum (Cd)
Chromium lCtl
Iron {Fe)
Magneslum IMgl
Sodium INe)
Nlcksl  (Nilhad [Pbl
Venadhtm  Iv\
Zinc G!nl

MAY J U N E J U L Y AUOUST SEPTEMDER
M E A N BSTM MBlM  ,, BSTH  M E A N_,......,.....,....,  .- ,.,.  ..c *.1.1,..v.v.,-. BSTM M E A N,..._,__  ,,_.._, . . :... .A..  ,%.  . . . . >... . . .., .V,,,ZA.,.,,,, M E A N BSTNnsnl..l..,.~,~...Y...%-  . . . . ‘..,.,.,,..Xi.%l.Y, ~..‘I,,H~...V~.~............,~.....~,~.~~.~.,,~

459 1 2 3 9 200 5 2 7 192 369 178 423 2 0 7 445
NA NA NA NA NA NA 3 . 2 2  7 . 4 3 3 . 5 4 0 . 1 0
NA HA NA NA NA H A  O.DOl’S  0 . 0 0 2 5  O.OOl7  0.0040
NA NA NA MA NA NA 0.0032  0 . 0 1 5 9 0 . 0 0 1 3 0 . 0 0 8 1
NA NA NA NA NA NA 2 0 . 8  5 0 . 1 1 8 . 7 4 8 . 3

0 . 0 0 4 0 O.Olo7 0 . 0 0 2 9 0 . 0 0 7 5 0 . 0 0 2 4  0 . 0 0 5 5 0 . 0 0 1 8  O.DWO 0 . 0 0 2 2 0 . 0 0 4 9
D.OlBB 0 . 0 5 3 2 0 . 0 2 6 1 0 . 0 7 8 1 0.0104  0 . 0 4 1 4 0 . 0 3 2 8  0 . 0 0 5 2 O.OlBb 0.0480

NA NA NA NA NA NA 3 . 5 8  5 . 5 5 4 . 0 5 1 1 . 9 5
NA NA N A NA NA i: 4.71 1 1 . 4 2 4 . 3 8 1 1 . 5 4
NA NA NA NA NA 12.82 17.34 1 6 . 2 7 2 7 . 1 4

0 . 0 3 1 8 0 . 0 8 7 2 0 . 0 4 0 8 0 . 1 2 8 0 0.00B2  0 . 1 6 0 0 0 . 0 3 8 3  D.1550 O.DQOO 0 . 1 7 4 8
O.t86 0 . 3 8 0 0 . 2 6 2 0 O.SB8 0 . 1 8 2  0 . 6 5 5 0 . 2 5 2  0 . 4 1 2 0.362 0 . 5 8 2

0.0203 0 . 0 5 6 3 0 . 0 2 1 4 0 . 0 6 3 4 0 . 0 1 3 5  0.02SI1 0 . 0 1 3 3  0 . 0 3 2 0 0 . 0 2 0 2 0 . 0 4 1 3
0.0540 0.1033 0.0404 0.0021 0.0252 0.0745 0.0703  0.2048 0.0563 O.DBt7

OCTOmt
MEAN s!wy,~,~.Y.~..,~~.,.~,~........~,.,~...~,~,,~..-

103 102
1 .a5 3.63

O.OOO8  O.OO15
O.OOO2  0.00D6

5 . 1 16.8
0 . 0 0 1 1 0.001 s
0.0005 0 . 0 1 6 5

1 .a0 4.08
1 . 8 9 3.06
3.68 8.17

0 . 0 6 1 7 0,3484
0.431 0.517

0 . 0 0 7 3 0 . 0 1 6 6
0.0455 0.0883

N O V E M B E R OVERALl
M E A N 8STN  M E A N.,>.., I* .,.. *.-m~,.~,.~.“,~l.....,.. ,...  _1,.> SSTHI, . . . . . . . ,,I....  . . . . .,.i....-  . . .

5 2 . 0 113 100 482
0.87 2 . 1 2 2.31 5.87

0 . 0 0 0 6 0 . 0 0 1 7 0.001 t 0 . 0 0 2 5
o.OOO2 o.OOO2 0 . 0 0 1 2 0 . 0 0 4 1

5 . 7 1 2 . 0 1 3 . 4 3 4 . 2
0 . 0 0 1 0 O.DoO8 0 . 0 0 2 1 0.0051
0.0044 o.otta 0.0185 0 . 0 5 7 9

1 . 2 0 2.bS 2 . 8 6 0 . 7 5
1 . 4 5 3 . 1 4 3 . 1 0 7 . 0 9
1 . 3 8 2 . 0 4 0 . 2 4 2 9 . 7 9

0.038S 0.0880 0 . 0 6 2 1 0. t 937
0 . 3 5 5 0,851 0 . 3 0 1 0 . 5 9 5

0 . 0 0 4 8 0 . 0 0 7 8 0.0149 0.0380
0 . 0 3 5 8 0 . 0 5 3 5 0.0478 0.1079

0.4

0.1
0

Sample  colkxlioti aVet8ging  lime: 12 - 30 hours
NA = no analysis  performed lot tlris  analyte
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Final Rpt, Kuwait Oil Fire m No. 39-26L192-91,  5 May - 3 Dee 91

(5) Tables B-3-1 through B-5-S (Annex B-3) display the monthly and overall PM10
and asscahd me& concent&on values for the remahing sampling sites to include
KKMC,  Riyadh, and Jubayl  for the Saudi Arabia  sites and Abamdi Hospital and U.S.
~~~&el$mit sites.. In addition, Table B-3-6 con&ins a listing of the maximum

,,,~forcachoftheeighSsampling~.

(6) hinv~ofp~lcrclalionships~eell~dparticuiate.~insouth~Asiaforl99lwas mmiucmi (refw 51). bnear msion
was pcrfcumed  on valid m~logical data for nlaJna& Saudi Arabia aad Kuwait city,
Bmtit, for ovemll d, monthly, and wind d&&on sefzton  for individual  months.
Lirmr  42clmkioll as!dwMs mt&gul  from 0.069 to 0.54. me co.dation  calfficients  were
higherfortbeguWaaC~meteorologicaldataandMilitary~~particulatedata.  The
ParticuJateconcentrationsremained~VGl~ consmnttbroughthe4-12milesperhour
(mph) wind speed mnge. Wm above 12 mph displayed vqing particulate levels.
However, no sig&bnt conclusions were found during this invest@ion. Fim B-21 and
EZ display the I’Mlo versus witadspeed  plots far Kh+r Towers, Saudi Arabia,  and
Milay  Hospital, guwait, Espeuively.

d. && Volume parrbculatc. Thebig&vohunePAHpar&&bzrcsuitswere
s - 1with-tothe~gamplingperiodsgtistics. TkrewereminimalPAH
pllutant  detectiox~~  above the resptive analytiml  m limit. For the Khobar Towers,
camp-aad~Military~samplingsiws,camp Thunderock  displayed the
higktoverallPAHpabula&~  wbilctheMilbtyHospimlsitedkplayedthe
lowest PAH particulate mans. Tab& B-12 through B-14 dispIay the overall high
volume PAH particulate eons for Khobar Towers, Camp Thundenkk, and the
Militaq  Hospital, respectively.  Figure B-23 displays selected mean PAH partbib
condons for each of the long-term sampling sites. Tables B41 through B-4-5 (Annex
B4) Contain  the ovedl high volume PAH particulate -oXIS for the remaining
sampling sites which’include  KKMC,  Riyadh, and Jubayl for the Saudi Arabia sites and
Ahamdi  Hospital and U.S. Embassy for the Kuwait sites. The Riyadh (E&art Village)
sampling site displayed the highest PAH paItkub levels.

e. mph Volume m Mw ml3 pAasHigh volume  WA M&hod T O - 1 3  PAH
SUIlpliIlgWi.lS- atKtKJ~TowerS,C& ~aIldtheMilitaryHospiti
fromOctober-Novembcrl991.  Atc&lof33sa1uplcswaecolleetedandw~~omprised
of 12 samples from Khobar Towers, 11 samples fmm Camp Thundemk, and 10 vies
from the Military Hospital. Tables B-15 through B-20 contain the EPA Method TO-13
concentration statis& for the three sampling sites, overall, the lower moiecular  weight
PAH levels (to in&de naphthabe)  were highest at the Military  Hospital. For the heavier
molecular weight PAHs, which include anthzacae, pyrene and bwzo(a)pyrene.,  concentmticm
levels were highest at Khobar Towers. Figure B-24 displays selected mean PAH

B-26
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PM10 vs WINDSPEED
KHOBAR,  SAUDI ARABIA (MAY - NOV ‘91)

PM10 Cont. (ug/m3)

600

200

0
4 6 0 10 12 14 .16 18 2 0 2 2 2 4

Figure B-21. WINDSPEED (mph)

PMiO vs WINDSPEED
KUWAIT (MAY - NW 19911
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Figure B-22. WINDSPEED (mph)
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Final Rpt, Kuwait Oil Fire BRA No. 39-26-L192-91,  5 May - 3 DeC 91
TABLE B-12.

KHOBAR TOWERS
POLYCYCLIC AROMATIC HYDROCARBONS (HI-VOL REFERENCE PM10 METHOD) 5

(ug/m3)

SAMPLE ANALYKAL
POPUlATlON CONCENTRATION tug/m31 DETECTION

LIMIT
ANALYl-E TOTAL BDL M E A N  M A X MIN (uq)

Naphthalene 38 38 0.00475 BDL
2-Mathyi  Naphthalena 20 26 0.00489 2 BDL El
1-Mathyl Naphthalane

:;
26 0.00489 BDL BDL 20

Biphenyi 27 0.00489 BDL BDL 20
Dimethyl  Naphthalene

ii :;
0.00112 0.00491 BDL 4

Acenaphthyktne 0.00100 0.00241 BDL 4
Acmaphthene 34 32 0.00051 0.00514 BDL 1.5
Dibenzofuran 27 25 0.00044 0.00560 BDL 1.5
Fiuorem 39 0.00027 0.00319 BDL 1.5
mnthrene 39 z 0.00028 0.00296 BDL 0.5

Anthlacene it z 0.00021 0.00250 BDLCad3azole 0.00010 BDL BDL 00::
Fluoranthene :i 11 0.00058 0.00307 BDL 0.5

30 0.00021 0.00200 BDL 0.5
Benzo(a)Anthraesns 39 34 0.00021 0.00155 BDL 0.5

Chrysene -39 G 0.00026 0.00314 8DLBenzo(b)Fluoranthana ifi 0.00031 0.00367 BDL :::
Benzo(kIFluoanthane 36 0.00027 0.00419 BDL 0.5
Benzo(ePyrene 27. 26 0.00010 o.ooo10 BDL - 0.5
Benzo(a)Pyrans 0.00364 BDL 0.5
Ideno(l ,P,BcdPyrene
Diberuo(ahMnthracene

BDL = below detection limit; analyte  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using qua= or glass f+er filter to collect partid~adsorbed  PAHs
NOTEz Detection limit shown is the lowest detection limit reported by the laboratory for the icdividual  analyte
Sampler Flow Rate: 0.7 - 2.1 m3/min

B - 2 8



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91
TABLE B-13.

CAMP THUNDEROCK
POLYCYCtlC AROMATIC HYDROCARBONS (HI-VDL REFERENCE PM1 0 ME’THOD)

(ug/m31
.

ANALnE

Naphthalerm
P-Methyl Naphthalene
1 -Methyl Naphthalene
Biphenyl
Dimethyl  Naphthalene
Acenaphthylena
Acenaphthene
Dibenzofuran
Fluorene
Phenanthrene
Anthracene
Carbazole
FlWiWltherle
pVrem
Benzo~alAnthracene
ChrySlEW
Benzo(b)Fluomnthene
Benzo(k)Fluoranthene
:Bemo(e)Pyrene
Betuo(aI&rena
ldeno(l,2,3-cdl~mne
Dibenzo(ah)Anthracene
Benzo(ghi)Pervlene

SAMPLE
DOPULATION

I
CONCENTRATION (ug/m3)

TOTAL BDL

19 19
14 14
15 15
15 15
15 15
20 20
19 18
15 14
20 20
20 17
20 20
15 15
20 9
20 16
19 19
20 15
20 18
20 19
15 15
20 20
20 19
20 20
20 20

MEAN

0.00496
0.00523
0.00518
0.60518
0.00104
0.00122
0.00053
0.00025
0.00023
0.00031
0.00023
0.00012
0.00050
0.60027
0.00023
0.00035
0.00028
0.00023
0.00012
0.00023
0.00025
0.00023
0.00023

MAX

8DL
BDL
BDL
BDL
8DL
8DL
0.00167
0.00110
BDL
0.00132
BDL
BDL

0.00180
0.00083
BDL

0.00154
o.ooo99
0.00026
BDL
BDL

o.ooo8o
BDL
BDL

MIN

8DL
BDL
BDL
BDL
BDL
BDL
BDL
8DL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
8DL
BDL
BDL
BDL
BDL

ANALVICAL
DETECTION

UMIT
lug)

2 0
2 0
2 0
2 0
4
4

1.5
1.5
1.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

:~.~.~.!.~~:,~..~~,~,~  .- --.-:,-,-;  .,..  .,.,.,.,-..--.v.k..  ., . ..%.A  . .A :.-

BDL = below detection limit: analyce  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quam or glass fiber fiiter to collect particl~adsorbed  PAHs
NOTE: Detection limit shown is the lowest detection limit reported by the laboratory for the individual analytes
Sampler Flow Rate: 0.7 - 2.1 m3/min

B-29



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,  5 May - 3 Dee 91

POiYCYCLlC  AROMATIC HYDROCARBONS (WV01 REFERENCE PM1 0 METHOD) *
(ug/m3)

ANALYTE

SAMPLE
POPUlATlON

TOTAL BDL

ANALYTICAL
CONCENTRATION (ug/m3) DETECTION

UMIT
MEAN MAX MIN (UQ)

Naphthakne
P-Methyl Naphthalene
l-Methyl Naphthalerre
Biphsnyl
Diethyl  Naphthabne
Acenaphthybrm
Acenaphthme
Dibenzohrran
Flwrene

AIlthraceM
Catiole
FlwrarKhene
pv-
Benzo(aIAnthacene
Chry-
Bemo(b)Flwranthene
Benzo(k)Fluoranthens
BerKob)Pyreirua
Be=o(alPyrene
IdeW ,2,3cd)brene
Dibemo(ah)Anthracene
Bemo(ghi)Perylens

19 19 0.00384 BDL BDL 2 0
10 10 0.00416 EDL BDL 2 0
18 18 0.00416 BDL BDL 2 0
18 10 0.00416 BDL BDL 2 0
19 19 0.00083 BDL BDL 4
22 2 2 0.00082 BDL BDL 4
22 21 o.ODo33 O.ODD65 BDL 1.5
s 17 0.00036 0.00180 BDL 1.5

2 0 0.00015 0.00060 BDL 1.5
2 2 2 0 0.00014 o.Doo4a BDL 0.5
2 2 2 2 0.00012 BDL BDL 0.5

19 0.00010 BDL BDL 0.52
13 0.00027 0.00169 BDL 0.5

2 2 17 0.00018 0.00076 BDL 0.5
2 2 2 2 0.00012 BDL BDL 0.5
2 2 17 0.00013 0.00027 BDL 0.5
ii 18 O.ODO18 0.00110 EDL 0.5

2 2 0.00012 BDL BDL 0.5
19 17 0.00010 0.00010 BDL 0.5
2 2 2 2 0.00012 BDL BDL 0.5
2 2 21 0.00012 0.00030 BDL 0.5

_-I
‘.@\

NA - no analysis performed for these analytes
BDL = below detection limit; analyte was not identified and  quantified below the detection threshold
NOTE: high-voknne sampler using quartz  or glass fitxtr filter to collect pad&-adsorbed  PAHs
NOTE: Detection limit shown is the Iowes&  detection limii reported by ths laboratory for the individual analytes
Sampler Flow Rate: 0.7 - 2.1 m3/min

.
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ANALVE

Naphthalefie
S-Methyl  Naphthalene
1 -Methyl Naphthakns
Biphsnyl
Dimethyl Naphthalene
Acmaphthylew
Acsnaphthene
Dibenzofuran
fluomne
Phenanthrens
Anthmcsne
Carbazole
Ruoranthsns

Benzo(aWnthraEsne
Chrysune
Benzp(bFluomnthene
Benro(k)fluomnth&ne
Benzo(ePyrene
Baruo(aIPyrena
Ideno(  1,2,3-ed)Wene
Dibenzo(ah)Anthracene
Benro(ghiWerylene

SAMPLE
‘OPUUTION

rOTAL  BDL

12
12
12
12
12
12
12
12’
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

:
3
4
3
1

10
1
4
6

10
11
4
5

10
10
10
10
12
10
10
10
10

CONCENTRATION (ng/m3)

MEAN 95th MAX MIN

453
82.1
141

30.7
55.0

2::
125

18.8
28.9
18.2
24.4
40.5

14.02
0.992
0.992
0.992
0.992
0.992
0.992
0.992

1.02
1.09

3362.5
359.5
44I3.4
105.7
140.0

5522.5
81.9

382.7
55.6

126.6
68.8

103.7
215.3

51.6
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.5

1087
213
347

66.6
138

Z
339

46.9
70.1
43.4
46.9
281

107.8
1.20
1.20
1.20
1.20

8DL
1.20
1.20
1.20
1 l 90

8DL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL,
BDL
8DL
BDL
BDL

ANALYTlCAL
DETECTION

LIMIT
w

i
2
2
2

9
2
2
2

2”
0.5
0.5
0.5
0.5
0 . 5  ’
0.5 -
0.5
0.5
0.5
0.5
0.5

BDL = below detection  limit: analyte  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quartz or glass fiber filter to collect partide-adsorbcd  PAHs
NOTE: Detection  limit shown is the lowest detection limit reported by the laboratory for the individual an
Sampler flow Bate: @ 300 liters/min

.

.., .. -
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TABLE B-16.

CAMP THUNDEROCK
POLYCYCLfC  AROMATIC HYDROCARBONS (EPA METHOD  TO-1  3)

Lognormal  (ng/m3)

SAMPLE ANALYTICAL
POPULATION CONCENTRATlON  (ng/m3) DETECTION

LIMIT
ANALYTE TOTAL BDL MEAN 95th MAX MIN (ug)

Naphthalens 11 3 722 10029 2135 BDL 2
2-Methyl  Naphthalene 11 4 61.7 336.9 242 BDL 2
1 -Methyl Naphthalene 11 2 157 1251 .B 546 BDL 2
Biphenyl 11 2 41.4 147.6 265 BDL 2
Dimethyl  Naphthalene 11
Acenaphthylene 11 :,

70.7 303.7 238 BDL 2
1275 4069.6 3675 227 2

Acenaphthene 11 11 11.20 35.3 BDL BDL 2
Dibenzofuran 11 2 83.4 480.9 261 BDL 2
Fluorene 11 3 31.9 135.4 110 BDL 2
Phenanthrene 11 4 11.2 32.9 37.9 BDL 2
Anthracene 11 11 11.00 35.3 BDL BDL 2
Carbazole 11 11 11.20 35.3 BDL BDL 2
Fluoranthene 11 4 7.80 35.9 24.0 BDL 0.5
Pyrene 11 lv 5.10 13.8 13.9 BDL 0.5
Benzo(a)Anthrawne 11 11 0.800 1.0 BDL BDL 0.5
Chrysene 11 10 0.900 1.2 1.30 BDL 0.5
Eenzo(bIfluoranthene 11 11 0.800 1.0 BDL BDL 0.5
Benzo(k)Fluoranthsne 11 11 0.800 1.0 BDL BDL 0.5
Benzo(e)Pyrene 11 11, 0.800 1.0 BDL =’ BDL 0.5
Benro(a)Pyrene 11 11 0.800 1.0 BDL BDL 0.5
Ideno(l,2,3-cd)Pyrene 11 11 0.800 1.0 BDL BDL 0.5
Dibenro(ah)Anthracene
Benzo(ghi)Perylene

BDL = below detection limit; analyte  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quam or glass fiber filter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detetiion limit reported by the laboratory for the individual an
Sampler flow Rate: 8 300 liiers/min
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POLYCYCUC  AROMATIC HYDROCARBONS EPA METHOD TO-1 3)
Lognormal (ng/m3)

t

_. ANALm

Naphthalens
P-Methyl Naphthalena
1 -Methyl Naphthalens
Biphenvl
Dimethyl Naphthalens
Acenaphthylena
Awnaphthena
Dibaruofuran
Fluorane
Phenanthrene
Anthracene
Carbazole
Fluoranthene
Pyrene
Bdiuo(aMnthracsne
Chryaene
Benro(b)Fluoranthane
BemMkFluoranthens
Befuo(e)Pyrsne
Banzo(aFyrenr
Ideno(l,2,3-cd)Pyrene
Dibento(ah)Anthracene
8enzoigiri)Perylcne

SAMPLE
POPULATION

TOTAL BDL

CONCENTRATION (ng1m3)

MEAN 95th MAX MIN

815
69.8
175

24.8
77.0
1070
12.1
70.4
42.1
8.30
12.0
12.1
6.00
4.20

0.800
120

::tZ
0.800
0.800
0.800

1.80
0.800

16561.9
415.7

1554.6
94.2

477.9
128D1.3

32;:
139.0
20.4

404.0
4D.4
26.3
14.0

1.0
2 4
1.0

:-:-
1:o
1.0
1.0
1.0

2031.9
189
385

62.10

2%
BDL

199
72.6
15.0

BDL
BDL

12.4
11.4

BDL
4.50

BDL
BDL
BDL
BDL
BDL
BDL
BDL

BDL
BDL
BDL
BDL
BDL
BDL
BDL
2.8
5.1
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

ANALmlCAL
DEtECTION

UMIT
hl)

2

f
2

4
2
2
2

f
2

0.5
0.5
0.5
0.5 ’
0.5 \
0.5
0.5
0.5
0.5
0.5
0.5

BDL = below detection limit; analyte  waa not identifiad and quantiiied  below the detection threshold
NOTE: high-volume sampler using qriartz or glaaa fiber filter to wllect partidc-9dsorbed  PAHs
NOTE: Detection limit shown is the lowast detection limit raported  by tha laboratory for the individual an
Sampler Flow Rata: @ 300 liiers/min
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TABLE B-18.

KHOBAR TOWERS
POLYCYCLIC  AROMATIC HYDROCARBONS (EPA METHOD TO-1  3)

SAMPLE ANALVICAL
POPULATION C O N C E N T R A T I O N  (ngIm3) DETECTION

UMIT
ANALYTE TOTAL BDL MEAN 95th MAX MIN (ug)

Naphthalene 12
i

453 ,1074.7 1087 BDL 2
P-Methyl Naphthalsne 12 02.1 191.6 213 BDL 2
1 -Methyl Naphthalene 12 3 141 321.8 347 BDL 2
Biphenyl 12 4 30.7 61.5 66.6 BDL 2
Dimethyl  Naphthalene 12 3 55.0 127.0 138 BDL 2
Acenaphthylene 12 1 1053.4 954 BDL 2
Acenaphthene 12 10

2::
51.2 50.6 BDL

Dibentofuran 12 1 125 202.5 339 BDL f
Fluorene 12 4 18.8 42.3 46.9 BDL 2
Phenanthrene 12 6 28.9 67.4 70.1 BDL 2
Anthracene 12 10 18.2 47.1 43.4 BDL 2
Carbatole 12 11 24.4 54.4 46.9 BDL 2
Fluoranthene 12 4 40.5 171.0 281 BDL 0.5
Pyrene 12 5 14.02 63.3 107.8 BDL 0.5
Benzo(a)Anthracene 12 10 0.992 1.2 1.20 BDL 0.5
Chrysene 12 10 0.992 1.2 1.20 BDL 0.5
Bento(b)Fluoranthene 12 10 0.992 1.2 1.20 BDL
Benzo(k)Fluoranthene

0.5
12 10 0.992 1.2 1 l 20 BDL 0.5

Benzo(e)Pyrene -12 12 .0*992 1.2 BDL .BDL 0.5
Benzo(a)R/rene 12 10 0.992 1.2 1.20 BDL 0.5
Ideno(l,2.3-cd)R/rene

BDL = below detection limit; analyte  was not identified and quantified below the detectioi threshold
NOTE: high-volume sampler using quam or glass fiber fitter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detection limit reported by the laboratory for the individual an
Sampler Flow Rate: @ 300 liters/min
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TABLE B-19.

CAMP THUNDEROCK
POLYCYCUC AROMATIC HYDROCARBONS (EPA METHOD  TO-1 3)

Normal (ng/m3)

SAMPLE
POPULATION

ANALW :TOlAL BDL

Naphthalane
P-Methyl Naphthalsne
1 -Methyl Naphthalene
Biphenyl
Dimethyl Naphthalena
Acenaphthylene
Acenaphthene
Dibenzofutan
fluorene
Phenanthrene
Anthracene
Cafbazole
Pluoranthene
wene
Betuo(a)Anthracene
Chrysenc
8enzo(bFluoranthens
Benzo(kFfuoranthene  _
Benzo(eIPyrene
Benzo(a)Pyrene
Idanot ,2,3-cd)Pvrene
Dibenzo(ah)Anthracene
Benzo(ghi)Perylene

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

3
4
2
2

:,
11
2
3
4

11
11
4
1

11
10
11
11
11
11
11
11
11

CONCENTRATION (hg/m31

MEAN 95th MAX MIN

722
61.7
157

41.4
70.7
1275

11.20
83.4
31.9
11.2

11.00
11.20
7.80
5.10

0.800
0.900
0.800
0.800
0.800
0.800
0.800
0.800
0.800

2170
203.1
432.7
185.9
179.9

3449.7
33.0

239.5
99.5
29.2
33.8
33.8
21.7
11.2

1.0
1.2
1.0
1.0
1.0
1.0
1.0
1.0
1 . 0

2135
242

E
230

3675
BDL

261
110

37.9
BDl
BDL

24.0
13.9

BDL
1.30

BDL
BDL
8DL
BDL
BDL
BDL
BDL

BDL
BDL
BDL
EDL
BDL

227
BDL
BDL
BDL
BDL
8DL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
8DL
BDL
BDL
BDL
BDL

ANALYIKAL
DETECTION

LIMIT
(UQ)

BDL = tielow detection limit: analyte was not identified and quantified below the detection threshold
NOTE: nigh-volume sampler using quam or glass fiber fitter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detcetion limit reported by the laboratory for the individual an
Sampler Plow Rate: @ 300 Iiierslmin
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TABLE B-20.

MILITARY HOSPITAL
POLYCYCUC  AROMATIC HYDROCARBONS (EPA METHOD To-1 3)

ANALYTE

Naphthalene
2-Methyl  Naphthalene
1 -Methyl Naphthalene
Biphenyl
Dimethyl  Naphthalene
Acenaphthylene
Acenaphthene
Dibenzofuran
Fiuorene
Phenanthrene
Anthracene
Carbazole
fluoranthsne
R/rene
Bento(a)Anthracene
Chrysene
Benw(b)Fluoranthsne
Benro(k)Fluoranthene
Benzo(e)Pyrens
Benzol(a)Pvrene
Ideno(l,2,3-cd)Pyrene
Dibenzo(ah)Anthracene
Benzo(ghi)Perylene

SAMPLE
POPULATION CONCENTRATION (ng/m3)

TOTAL BDL MEAN 95th MAX MIN

10
10
10
10
10
10
10
-10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

2
2
2
2
2
1

10
0
0
4

10
10

5
3

10
9

10
10
10
10
10
10
10

015
69.8
175

24.8
77.0
1070
12.1
70.4
42.1
8.30
12.0

1 2 . 1
6.00
4.20

0.800
1 l 20

0.800
0.800
OS800
0.800
0.800

1.80
0.800

1806.0
180.2
430.7

55.0
198.1

2638.3
35.4

180.8
80.2
15.9
35.4
35.4
14.9
10.1

1.0
3.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0

2031.9
189
385

62.10
224

2744
BDL

199
72.6
15.0

BDL
BDL

12.4
11.4

BDL
4.50

BDL
B D L
BDL
BDL
BDL
BDL
BDL

BDL
BDL
BDL
BDL
BDL
BDL
BDL
2.8
5.1
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

ANALVICAL
DETECTION

LIMIT
(ug)

2
2
2
2

f
2
2
2
2

2
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

BDL = below detection limit; analyte  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quam or glass fiber filter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detection limit reported by the laboratory for the individual an
Sampler Flow Bate: @ 300 liters/min
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conatrations  for each of the sampling sites. Using EPA Method TO-13 PAH samplers
provicki better collection and subsquent  detection of the lower molecular weight PAWS.
When the TO-13 PAH results are compared to the PAH @culate lower molecular weight
results, there were mozc  positive lower molecular weight PAH detects using the EPA Method
TGll. This was M ti the EPA Method TO-13 PAH vling pro#dure  is the
referen&  method for all&ion of PAHs  in ambient air. For the PAH patticulate data, it is
postdaW  that the large volume of air, which w through the PMla filter media, stripped
the lower molecular weight PA& off the particulate  matter collected on the filtw.  Thus,
there were minimal positive detects of the lower  molecular weight PAEIs  from the PM10
filters. For both the high volume EPA Method TG13 PAHs  and high volume particulate
PAHs, mdus are referred tot he sample population columns for cash PAH pollutant to
obtain the numkr of samph above the respective  anal* &tection limit.

f. &w V-e TO-13 Pm.The tits o f  P A H  sampling &g a  l o w  v o l u m e  p u m p
and both PUF and XAD-p sorbents are presented in Tables &5-l and W-2. None of the
P~weredcOectedonanysampled~tothchighdetsetionlinritassociatedwitkthelow
volumes col&ted. Therefore, mean coneentrzttion  vale m represent the concentration
based on onddf of the analytical detection limit.

g. &id CT.Approximately 370 acid gas SamplGs were collected in Kuwait and Saudi
Arabia during 1991. The acid gasts anal@ include hydr&loric,  sulfuric, nitric, acetic,
andformic.  l%eacidgasda&arecurrentlybeingm&dand~  Therefore,wc
willptovideacomplectandvalidatedacidgaJdarasctaJanaddendum~-~finalrcport.  I t
isanticipa&&hatthcacidgasda&willbtf- by March 1994.

h.  Mercun.All of the mercury samples collec&l (approximately  160) at the Kuwait and
Saudi Arabia sampling sites displayed contentions  Wow or just slightly above the
analytical detection limit. AdminWative and analytid  da& inspections showed the rear
macurytubestocontainagreatermassthanthefronttubewhenapositivemercurymass
wasdetected. This~~themaeury~co~~attheKuwaitandsaudiAtabia
sampling sites suspect and subseqmt  data summaties were not geneated.

i. mve Do- m Air sampling ti pollution W of nitrogen dioxide (NW,
ozone (03), and sulfur dioxide (SOJ were amductal  using passive dosimeters.  A description
of the passive dosimeter sampling equipment is found in Appdix  B of the interim rqxxt
(reference SO). The passive dosimeter data were validat  and summarized  with reqxxt to

a ,

* XAD-2 is a registered trademark of Rohm and Haas Corp., Philadelphia, Pennsylvania.
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individual sample concentration levels and maximum concentration levels. Figures  B-25
through B-27 display the respective maximum NQ, 03, and SO, levels for the eight sampling
sites. For comparison, the reqxctive @hrtant PSI values are depicted on the figures. The
maximum passive dosimeter data colkted  hi Kuwait and Sandi Arabia in 1991 were below
the respctive pollutant PSI value for ail locatioos. Tables B-61 and B-&2 (Annex B-6)
contain the passive dosimeter statis& for each polhttant and reqxztive sampling site.

7.Q.

a. To support continued work efforts for the overall Kuwait oil well Cres health risk
assessment, the USAEEIA is applying a GIS to integrate all required databases for evsure*de&mm&ion.  Itisrequiredtbat~DoDmilitaryandcivilianpersonnelwhoservedin
OperationDesertStormbeincludedinamedical~whichcontains =P-
infotmaiion frh the Kuwait oil well fires (reference 52).

b. AGfSisacomputerhardw~aJldsoftwaresystcmwhichisusedtoinput,store,
retrieve, mar@ulate,  analyz,  and plot geogrqhically referenced  digital data. The GIS is a
computer&d database that inkgrates  digit&l graphic depictions of geographic features with
tabularformatfe&ureatttibutes.  Thetabularf~amibutedaraareanachedand
iategratedwith~~~sothatalltbetabuiaraadkaphicdatabecom~Sinteractiveand
iIlS@lltly accessible. AprimatyopaationistoperformaqueryontheGISdar&ase.  A
queryisadefinedsearchofdaWaserecordsmeetingspe&edcri&ia.  Tbisqueryenables’
sophisticatedspatialdataanalysistobeperformedbetweenmultipletypesofgraphicormap
layers.

c. The USAEEZA  used a GIS on a limited geographic region of southwest Asia to
demonstrate that trmp unit exposure and subsequent  risk can be cletemhed. In general, the
GIS pilot project database contains data types  to include tbe air mpling data collected in
Kuwait and Saudi Arabia during May 1991; modeled air concem&on~data for May 1991;
~u.nitmovementdata;and~imagerydata.  AworHlowprocedurewasdeveloped
which integrates ah of the above data sets. Subsequent datahex queries were performed
whichassignedriskvaluestospecifictroopwitswhometpredefinedqueryco~tionsto
include king under the influence of the oil well fire plumes. Figure B-28 depicts the
USAEEIA  GIS pilot project workflow diagram. A more detailed explanation of the
USAEEIA GIS pilot project is found in Annex &7.

8. KUWAIT/SAUDI ARABIA  NOVEMBER 1993 RETURN TRIP AIR DATA. The May -
December 1991 air sampling effort was performed during or subsequent to the Kuwait oil
well fm. These results reflected both contributions of the well fires and anthropogenic
sources. An additional air and soil sampling effort was conducted in Kuwait and Saudi
Arabia in November 1993 to provide additional information on post oil well fire ambient air
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'iqure B-28. GIS Pilot Project Workflow.
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concentrations and levels of hexavalent chromium present in both sample media. As of this
writing, the Kuwait/Saudi  Arabia return trip air data has been input to applicable  Lotus
sprdsheets. Validation and subsequent summarization of the data will be &ormed during
the2ndquarteroffiscalyear(FY)1994.  Thercturntripaircon~trationdatawillbe
provided as an addendum by the end of March 1994. Additional return trip air sampling
information to include sampling dates, sampling equipment usal, and number of samples
adkted is found in Anna B-8.

9. RESPONSE TO V’ COMMENTS. The USAEHA  aszreA  several agencies m,
review the Interim Kuwait Health Risk Assessment report. The agencies included the
Departments of Navy and Air Force; E94; National Institute of Standards and Technology;
National oceanic and Atmospheric Ad-on; Department  of He&h and Human .
Services;  National Instituta of H&h; National S&MX Found&on; Department of Veterans
Affairs;  and the National Resklrch Council. The USAEHA Air Pollution Engineering
Division compiledpcrtinent  mto cornmen&  which contained air iss~. These
comets  are contained in Appdix  I of the Final Kuwait Health Risk Assessment  report.

10. CONCLUSIONS.

a. Ambient air sampling was conducted in Kuwait and Saudi Arabia from May through
Deccmk 1991 for various pollu~ts emitted from the Kuwait oil well fires. Approximately
4,ooO  ambient air samples wezle  collectal  during this p&M from eight fixed sampling
locations  and two temprary  sampling locations. The titing ambient air concentrations for
~fixedsamplingsiteswcrerevisedtoincorporatechangtsinthtstatisticalmethodsusedto
derive the 95 UCL levels and also vt the 16 Septemlxr  - 4 December 1991 sampling
period not covered in the interim report.

b. The VOC concentrations obsaved  in the long-tffm  Kuwait sampling sites of Camp
Thunderock and the Military  Hospital displayed similar values. During May - August 1991
VOC concentration levels were low BS compared to the Septemk - November 1991 period.
The higher Septemba  - November 1991 VOC levels arc probably a result of industrial
activitits and ptoeesscs returning to Kuwait.

c. For the Kuwait air sampling sites, the highest sulfate,  nitrate, and chloride
amwmations  were observed at the Ahmadi Hospital. For the Saudi Arabia sampling sites,
the highest sulfate,  nitrate, and chloride concentrations  were observed at Jubayl.
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d. T%e PMt,-,  concenttation levels mthrough May - November 1991 for the long-
term air sampling sites. The elevated PMIO levels are a result of sand storms contributing to
the overall PMlo levels and coincide with the Shamal wind season. A nmjoriq of the daily
PMlo tzmmntdbn  levels observed at the mpling SW, em the PMi,, 24-hour NAAQS.
Thermwm instances when the daily PM0 colons exce&d the EPA significant harm
PSI level.

e. Nickel and vanadium ambient air concent&ens displayed varying tendencies over
time at the sampling sites. The nickel levels  generally remain& constant. The vanadium
levels generally decreasedovertimeandtendedto~remainat~e~associatedwiththe
compound’s lowest analytical detection limit after the extinguishment of the oil well Eres.

f. For all three long-term mpling sites, the total chromium concenttation levels
generally decmsed over time. The lead concentration levels incrwsed over time at the’
Kuwait air sampling sites due to the return of vehicle emissions of which contain lead in the
fuel. Theleadconcenmlion levels rapained  rewvely amstant at the Saudi Arabia Wupling
ltions.

g. There were minimal PAH particulate detections above the respective pollutant’s
analytiml detection limit. Frum the three longest nmniug sampling sites, Camp Thunderock
displayed the highest overall PAH particulate cortcemmions, while the Militaq Hospital
location displayed the lowest PAH p&liculate concemrations. The PAH da& collected from
the EPA Method TG13 samplers provided better collection and subsequent detection of the
lower molecular weight PAHs when compared to the PAH particulate data.

h. The acid gas data is currently being revised and revalidated. A complete and
validatedacidgas~setwiUbeprovidedby~h1994asanaddendumtothisfinal.
rep0l-t.

i. The mercury concenttation data displayed levels below or just slightly above the
analytid  detection limit. This data contains numerous suspect  samples and are not
sl.mlmaIizedinthisfinalreport.

j. The maximum N@, O,, and S&, wncentxation levels collected using passive
dosimeters were Wow the PSI values for all sampling locations.

k. As of this writing, the USAEEIA  GIS pilot project has beea completed with the
exception of validating the output risk values. Upon completion of validation procedure, the
GIS workflow procedures will then be revised in order to cover both the entire sampling
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period in which the oil well fires were ablaze and the gqraphic regions in which troop
units opated for Operation Desert Storm. It is anticipated that the fiaal  USAKHA  GIS
Kuwait oil well fires health risk assessment  will be completed by end of CY 94.

1

m. Anextensiveliteraturereviewofstudiesassociatedwitb~guwaitoilweUfireshas
notkencompMedsincetheint&mreportwaspublished.  Manypeerreviewedarticles
have been published in scienMc jouxnals. A wmprehensive  review of published articles
could possibly provide additional i.rbf~On for the GIS portion of this project and pollutant.
collmmmwmparisonstous~-data.

11. RECOMMENDATIONS.

J%FFR&k S. IURKPAtiCK
Meteorologist
Air Pollutiou Engineering Division

APPROVED:

/
Sedion chief, Air Quality Managanent

Brauch
Air Pollutim Engineering Division

A n n

THOMAS  L. &JINIVAN, P.E., DEE
Chief, Air Quality Management Branch
Air Pollution Engineering Division
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TABLE B-2-1 .

I

__- .-- -- -- -.-..- ~---
TO-I: KKMC

V0LATk.E  OROANIC  COMPOUNDS  {EPA METHOD  TO-I. TENAXl
luglm3l

Benzene
Toluene
Ethyl  Benzene
m,p-Xylane
o-Xylene
tleptene
n-Propyl Benzene
Non-terget  snelytee
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UEAN. ..~..,.;.--.i.,.,  ..- ,.,. @WI.._.,,,..l
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1.27 10.7
3.46 8.8
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NA NP
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2.14 6.64 1.81 4.63 3.14 IIN:

0.703 1.87 0.830 1.68 0.800 2.68
1.72 4.80 1.48 3.68 2.87 10.0

0.866 t-80 0.697 1.38 0.800 2.68
0.882 1.70 0.616 t.e2 1.22 2.76
0.164 0.388 0.133 0.310 0.242 0.82

1602 37.20 12.1 33.6 18.6 60.8

JUNE JULY AUOUST SEPTEMBER OCTOBER NOVEMBER
MEAN..r ,,......I,  ,T ..,. 86TH  MEAN. . . ,......  ,,

I
I ..l .,.,.  .:.. ., ,,, 96TH MEAH.A.,..  ,,,I,.  . . . . -v... r

I
wy, WAN ,___..  .e!m...l..l.,..,.=.C...~i.......-,.,~,~~........

I
,..., I..,,  ,___ ,,I ,_.____I,

I
.MEAH BIT&l  MEAN OBTH,.I. -.. ,..... ._,...  . . . . . . . ..l I.... ,......,.I,.>.. -...-..:...,,~  A.,  ~~.~,~.~,~,...,........~.r,.~.~.....~.~;

MAY JUNE JULY AUGUST

m Benzene Toluene Ethl  Bt~n  m Xyleues m Heptsne 0 Prpl  Bmn

OVERALL.
WEAN.A.,.,.”  ., ,. -.i ssn!

1.31 3.20
2.18 1.92

0.792 2.51
2.14 2.25

0.883 2.30
0.723 1.81
0.393 0.82

14.8 40.52

Sample  coktion  avetaging  time:  12 - 30 hours
NA = no ualid  samples  andyzed  lor this compound
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I

--. _.~ --------__--__ -____ -..--  - -
1 0 - l : ESKAN VBLAQE

VOlATftE  ORDANK COMPOUNDS [EPA METHOD TO-I,  TENAX
luo/mSl

Beruene
Toluene
Ethyl Benzene
m,p-Xylena
o-Xylene
Heptane
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Non-target analytee
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34.60 66.4

Sarnpb collection ‘averaging time: 12 . 30 hours
NA = no valid samples analyzed for this  compound
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luplm3)

6enzen~
Toluana
Ethyl  6anzana
m.p-Xylene
o-Xylsns
Heplane
n-Ropyl  Benzen
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NA = no vafld  mamplen  snalyzed  for thin compound
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TABLE B-3-1.

-- -____ ._.. __---.-- ----.
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PM 10 AND METALS DATA IHI-VdJME  REFERENCE METHOO)
bgtrnmbl

MAY JUNE JULY AUOUST SEPTEMBER OCTOBER NOVEMBER OVERALL
ANALYTE MEAN @STH MEAN BSTH  MEAN BSTH MEAN B5TH  MEAN BETH  MEAN B6TH  MEAN B6TH  MEAN B5TH

‘MtO (Mass  Cont.) 334 887 178 377 177 283 104 tea 188 355
Uuminum  (Al) WA NA
9rsenio  [AsI NA NA

:: NA NA NA 1.83 2.89 1.83 2.09
NA NA NA 0.0085 0.0014 0.0007 0.0014

3eryltium IBel WA it NA NA WA WA 0.0016 0.0030 0.0015 0.0030
Isfcium  fC0) NA NA NA NA NA 13.6 21.3 13.8 21.3
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Zhromium  (0) 0.0177 0.0301 0.0141 0.0302 0.0117 0.0194 0.0084 0.0153 0.0 30t 0.0282
ron (Fe1 NA NA NA NA NA 1.65 3.18 t .85 3.18
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Sodium  (Nal NA NA NA NA NA NA 10.88 14.35 10.88 14.35
Uickd  (Nil 0.0213 0.0729 0.0203 0.0540 0.0404 0.t522 0.0108 0.0280 0.0232 0.0709
Lead fPb} 0.100 0.342 0.093 0.187 0.105 0.177 0.131 0.293 0.104 0.234
vanadium  (VI 0.0102 0.0495 0.0110 0.0291 o.ooeo 0.0114 0.0064 0.0095 0.0098 0.0234
Zinc  tZnl 0.0480 0.0970 0.0349 0.0559 0.0259 C&O727 0.0741 0.3190 0.0422 0.1102

Samptn  coltection averaging  time: t 2 - 30 hours
NA lalysis performed  for this  analyte

0
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I Y B - 3 - 2 .FM.r -iKAN VlLlAOE
-___

PM10 AN0 METALS OATA (HI-VOLUME REFERENCE METHODItug/m31 I

PM 10 (Mase Cont.)
Atumlnum [Al)
Arsenic (As)
Beryllium IBe)
Calcium (Cal
Cadmium (Cdl
Chromium ICrI
Iron IFe)
Magnesium (Mgl
Sodium (Na)
Nickel  (Nil
Lead {Pb)
Vanadium (VI
Zinc (Zn}

9”w I

MAY
MEAN 95lH.,~,1~,...........~,~,I,~..............,~,~,~...~,.,........ MEAN 95TH. . . . . . . I.,.,,,......  . . . . . -........ . . . . . ..~.~...~.~.........

238 4 8 9
NA NA
NA HA
NA NA
NA NA

0.0026 0.0056
0.0180 0.0453

NA NA
NA NA
NA NA

0 . 0 2 3 3  0.0506
0 . 0 0 0  1 . 5 9 8

0.0162 0.0426
0.0683 0.1253

JULY AUGUST

MEAN ?W! MEAN 95TM.,I.., ,.,i ..,i . . . ..__.  ,. I................ ,.... . . . . . . ..-........  . . . .-,.,~I,~,.,.,~,...  . . . .

183 348 170 247
NA NA 2.75 5.88
NA NA 0.0009 0.0024
NA NA 0.0022 0.0043
NA NA 24.5 38.9

0.0012 0.0013 0.0022 0.0049
0.0100 0.0250 0.0127 0.0211

NA NA 2.32 4.37
NA NA 3.13 5.78
NA NA 1 1 . 4 9  1 8 . 5 9

0 . 0 3 9 6  0 . 1 6 1 0.0110 0.0240
0 . 8 3 0  1 . 5 8 8 0 . 8 7 2  1.014

0.0089 0.0101 0.0088 0.0152
0.0420 0.1823 ROB94 0+2557

SEPTEMBER
MEAN 95TH.~..,~.~..................i,...,..............-.-:,-  .,.. ..A.,

NOVEMBER
HEAN 95TH. . .., . ., ,_ ,_,  ,_,  I,,

OVERALL
,MEA,N  ,_ _ 95T H

205 362
2.75 5.89

0.0009 0.0024
0.0022 0.0043

24.5 36.9
0.0022 0.0045
0.0142 0.0330

2.32 4.37
3.13 5.79

1 1 . 4 9  1 6 . 5 9
0.0236 0.0656

0.075 1.544
0.0119 0.0259
0.0014 0.2006

Sample  collection averaglng  Urns: 12 - 30 hours
NA = no analysis performed for this  analyte
NOTE: No valid PM 10 samples ware cobcted  from this site  after August 1991

L



TABLE B-3-3.

PMfO: C A M P  f
PM10 AND METALS DAtA IHI-VOLUME  REFERENCE METHOD)

lglrn3l

-l.

M A Y J U N E J U L Y AUOUST SEPTEMBER OCTOBEfi N O V E M B E R OVERALL
,AbfilWE MEAN  SSTM,,.,......,.i...,,,- .,..~,~,.,..~,....~.~.~.~..............  . . . . ..,I,  ,,I,,,,.,,..,....... .A.......  .A..  <r pi ,.,,,,,,,,,,,.,.,,,,,. gz!Je.MEAN ...fi~&~ _ ~ _.,__.,,,s!iiH, M E A N  SSTH MEAN 95TH ..,.,  95T+i,MEAN MEAN  SSTH MEAN  SSTH_,___... ., .li,,..,%  ih ~,1.1,1,,~,~,~,~,~...,,~..,~,.,.,~,,,~,.,~  . . . ,.., ,...,.....,.,..~,.,~..,.,......................................,..., ,.,.,  ,.,.,.,.,...,  ,.,,,,,,,  ,.,,,,.,,,..,,,  ,,,.,  ,,,,~  ,..,,... ~.......~............,.,...,  I ~ . . . . . . . . . . . . .,,... ~,.. . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.,.,

PM 10 (Mass Conc.1 345 914 340 831 220  378 182 390 300  585
Aluminum  (All NA NA NA NA NA NA 1.71 4.12 1.78 4.12
Arsenic  (As) NA NA NA NA NA bjA 0.0008  0.0024 0.0008 0.0024
Beryllium  {Bel NA NA NA NA NA N A  0.0017 O.M)39 0.0017 0.0030
Calcium  {Cal NA NA NA NA NA NA 1 3 . 3  25.3 13.3 25.3
Cadmlum  (Cd) 0.0048 0.0124 0.0028  0.0079 0.0012 0.0021 O.OOl+  0.0027 0.0033 0.0088
Chromium  (Crl 0.0283  0.0709 0.0389  0.1384 0.0113 0.0223 0.0139  0.0374 0.0273  0.0758
Iron (Fel NA NA NA NA NA NA 1 . 8 8  5.37 1 .S8 5.37
Magnsslum  {Mg) NA NA NA NA NA NA 2.68 4.09 2.58  4.69
Sodium  (Na) NA NA NA NA NA NA 18.98 24.47 16.98  24.47
Nickel  lN1) 0.0449  0.1760 0.0448 0.1311 0.0816 0.1719 0.0349  0.2130 0.0502 0.1923
Lead (Pb) 0.431  0.675 0.269 0.461 0.337 0.563 0.415 0.937 0.360 0.693
Vanadium IV) 0.0200  0.0098 0.0257 0.0620 0.0125 0.0254 0.0160 0.0232 0.0237 0.0640
Zinc  (Znl 0.0895 0.1930 0.0662 0.1307 0.0!48 0.0385 0.0535 0.1478 0.0667 0.21  I33

NA = no analysis  pr~rl~~~  i~.~~d  for this analyte
Sample colle_ction  averaging time: 12-30  hOUr8

PM10 samples  wsre cobted  at this site after early August 1991
0

c
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T - B-3-4.
-
PM-I _--.AMAOI  HOSPITAL :

PM10 AN0 METALS DATA IHI-VOLUME  REFERENCE METHOD)
luglm3l

I
<’ ’

I

M A Y J U N E J U L Y AUOUST SEPTEMBER O C T O B E R N O V E M B E R OVERALL
ANALYTE M E A N 95TH  M E A N. . ., .--- 957~ WV! ,,,,, 95~ MEAN.:.-:.-...-.,  ;, ,,,.,.,. . . . . ...,  ., . ...,,,.,  ,..., ,.  ,-,,,.,.,,...,,  ,..,.. 95TH MEAN 95TH M E A N_I ..,I  .,,,,,.,.,,,,,  ,-.., :.,.,.,.,.,.  ..,.,..  . . . . . . . . . ,,.,.,.  ,....__._..__,  .,,~~~~.~...~.~~.~~C~  _,_._.,,,,,,.,......, . . . . . .,,...._ 95TH  M E A N 9 5 T H  M E A N. . . . . .,.,,,.I  ,.,.............,.,,,.,.,,,,,,,  ,,,,,,,,,,,  . . . . . . . . . . . . . . . SSTH. . . . . . . . . . . . . ,,, ,.,.,.,.,  ,.................................,~,.,~,., .,.,,,~,,i,.,,,.,.,~,~,~,~,~,.,.,.,~,.,~,.,.,~,.,.,.,.,.,.,.......... .,...,.,.,.,.,.,.;,,;..............,.. . . . . . . ..._.....,.,,.,

PM10 (Mess Conc.1 351 723 389 4 3 3 354 695
Aluminum (All NA NA NA NA NA NA
Arsenic  (As) NA NA NA NA NA NA
Beryllium (Be) NA NA NA NA NA NA
Calcium (Cal NA NA NA NA NA NA
Cadmium (Cdl 0.0031 0.0066 0.0030 0.0072 0.0031 0.0065
Chromium (0) 0.0152 0.0364 0.0287 0.0505 0.0173 0.0423
Iron (FBI #A NA NA NA NA
Magnaslum lMgl i:: NA NA NA NA NA
Sodium (Nal NA NA NA NA NA NA
Nickel (Nl1 0.0234 0.0511 0.0472 0.0983 0.0269 0.0619
Lead (Pbl 0 . 1 6 8  0 . 2 9 8  0 . 1 2 9  0 . 1 3 6 0 . 1 6 2  0 . 2 2 7
Vanadium (VI 0.0274 0.0597 0.0288 0.0398 0.0276 0.0579
Zinc tZn) 0.0059 0.1202 0.0526 0.0657 0.0639 0.1123

NA = no analysis  performed for thie enalyta
Sample collectlon averaglng  time: 12-30 hours



---_ _--__ _ _ _ _  -.---.  ~-..- .-. ._ -. ._ -
U.S.  EMBASSY

PM10 AND METALS  DATA  RtI-VOLUME  REFERENCE  METHOD)
hfglm3I

r

I I MAY

I

JUNE
.ANAFYTE MEAN B5TH  MEAN SSTH..:, ~--.:.-;.-:. .::......-...-  .A..  ,.A.......  -.-....  . . . .,.,,,.,.,,  ,,.,I.. ,....  _,.... -.- . . . . . .,..A....;  ,...,.,.,.,.,...........:.., ,.,

I

PM 10 {Mass Conc.t 544 1581 272 549
Aluminum  (At) NA NA NA NA
Arsenic  {Ast NA NA NA NA
Baryhm  {Be) NA NA NA NA
Calctum  (Cal NA NA NA NA
Cadmium  (Cd) 0.0034 0.0106 0.0028 0.000B
Chromium  (Crl 0.0304 0.0768 0.0217 0.0813
tron (Fe) NA NA NA NA
Magnesium  tMgt NA NA NA NA
Sodium  [Nat NA NA NA NA
Nickel  (Ni) 0.0458 0.1694 0.0340 0.0987
Lead (Pbt 0.197 0.028 0.270 1.118
Vanadium  Wt 0.0368 0.11 a4 0.0213 0.0510
Zinc  G!nI 0.0550 0.1465 0.0487 0.1076

JULY
..,,...,,  WAN,  ,. 95TH,,,............i..,..., I,..,,.

318 071
NA NA
NA NA
NA NA
NA NA

0.0032 0.0078
0.0357 0.0898

NA NA
NA NA
NA NA

O.lll7 0.2872
0.151 0.219

0.0232 0.0677
0.0432 0.1133

SEPTEMBER
MEAN 95TH,A. ,A,..  .>.....A.  i......... ..,.,.........,...............I.A.

L

OCTOBER
HEAN a5Tti. . . . . . . . . ..~.A.. . . . . . . . . . . . . . . . . . ..-  . . . . . .,,I . ,.. . . . . . . .

NOVEMBER
MAN s.w..~.~........~~...~S. . .,-.

NA = nr
e

‘s performed  (or this anatl I’
Sample fj averaging  Ilme:  12 - 3(31

a.3 JUN JUl AUG 600

hours

OVERALL
MEAN 95TH..,~,~,~,~,~.~..........  . . . . . . . . . . . . . . . . ,,,.A . .._ .,~,....~,.,.,

351 706
NA NA
NA NA

NA NA
NA NA

0.0031  0.0077
0.0200  0.07 28

NA NA
NA NA
NA NA

0.0518  0.171E
0.232 0.855

0.0256 o.omg
0.0495 0.1105



Final Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,  5 May - 3 Da 91

TABLE B-3-6. MAXIMUM AND MINIMUM PM,, CONCENTRATIONS AND
CORRESPOtiING DATE(S)  OF OCCURRENCE FORKACH SAMPLE
SlTE

12OW 3 at 91 lO/ 7 Nov 91

1594/  23 May 91 32127 Nov 91

B-3-7



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Dee 31

EIGH  VOLUME PAH PARTICULATE CONCENTRATION SUMMARES

B-Q-1



TABLE B-4-1.

KKMC
POLYCYCLIC AROMATIC HYDROCARBONS (HI-VOL REFERENCE PM1 0 METHOD)

lug/m31 .

SAMPLE ANALYTICAL
POPULATlON CONCENTRATION (ug/m3) DETECTION

LIMIT
ANALYIX TOTAL BDL M E A N  M A X MN (ug)

Naphthalene 8
: 3

0 . 0 0 3 9 9  B D L BDL 20
P-Methyl Naphthalene 0.00376 BDL BDL
1 -Methyl Naphthalene 2 2 0.00375 BDL BDL ii
Biphenyl 3 3 0.00376 BDL BDL 20
Dimethyl Naphthalene 3 3 0.00075 BDL BDL 4
Acenaphthylene 8 8 0.00080 BDL BDL 4
Acenaphthene 6 6 0 . 0 0 0 3 0 BDL BDL 1.5
Diberuofuran 3 3 0.00023 BDL BDL 1.5
Fluorene 8 8 0.00010 BDL BDL 1.5
Phenanthrene 8 6 0.00023 0.00063 BDL 0.5
Anthracene 8 8 o.ooo17 BDL BDL 0.5
Carbazole 3 3 o.ooo1o BDL BDL 0.5
Fluoranthene 8 4 0.00083 0.00223 BDL 0.5
Pyrene 8 6 0.00018 O.OoO78 BDL 0.5
Benzo(a)Anthracene 8 7 0.00012 8DL 0.5
Chrysene 8 7 0.00012 0.00029 BDL 0.5
Beruo(b)Fluomnthene 8 o.ooo1o BDL BDL 0.5
Benzo(k)Fluoranthene 8 : 0.00010 BDL BDL 0.5
8enzo(e)Wene 3 3. o.ooo1o BDL BDL
BenzoWPyrene 8 8 0.00010 BDL BDL ::9
Ideno(l,2,3-cd)Pyrene 8 7 0.00029 0.00025 BDL 0.5
Diberuo(ah)Anthracene a 0 0 . 0 0 0 1 0  B D L BDL 0.5
Bsnzo(ghi)Psrylene 8 a 0.00010 BDL BDL 0.5

. . . . . ..~.)~~~~~.~~..~~...:.~.:  :.:.:.:~~.:.~,~~.)):y):.~~.~:.:~~~~.~~~~~~~~.:.:.!.~.!.~~.:.~:.~.~~~~~.~~~~~~...~  -. -,I.~~~,.~. . . . . -.c*nrrrcnm ~~~~~~~~~~~~~~~~~~~~~~,:~~~~~~:,!.~,~~.:.!.,.:,!,~.~~~.:.~.~.~~.~~..~~

8DL = below detection limit: analyze  was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quam or glass fiber filter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detection limit reported by the laboratb~  for the individual analyte
Sampler Flow Rate: 0.7 - 2.1 m3/min

B - 4 - 2



TABLE B-4-2.

ESKAN VIUGE
POLYCYCLIC  AROMATIC HYDROCARBONS (HI-VOL REFERENCE PM10 METHOD) I:-

:::::I:;r
(ug/m3) ::i,>,::.::::

SAMPLE ANALYTICAL
POPULATION CONCENTRATION lug/m31 DETECTION

UMIT
ANALYTE TOTAL BDL M E A N  M A X MIN (us)

Naphthalens 19 19 0.00572 BDL BDL
2-Methyl  Naphthalene 13 13 0.00622 BDL BDL ;:
1 -Methyl Naphthalene 13 13 0.06622 BDL BDL 20
Biphenyl 13 12 0.00720 0.01907 BDL 20
Dimethyl  Naphthalene 13 0.00125 BDL BDL 4
Acenaphthylene :i 20 0.00128 BDL BDL 4
Acenaphthene 19 17 0.00062 0.00225 BDL 1.5
Dibenzofuran 13 10 0.00105 0.00390 BDL 1.5
Fluorene 20 17 O.DOO38  0.00175 BDL 1.5
Phenanthrene 20 13 o.Doo43 0.00117 BDL 0.5
Anthracene 20 19 o.DOO29  0.00137 BDL 0.5
Carbazole 13 13 0.00018 BDL BDL 0.5
Fluoranthene 20 7 0.00141 o.oQ514 BDL 0.5
Pyrene 20 16 0.00065 0.00354 BDL 0.5
Benro(a)Anthracene 20 16 0.00060 0.00223 BDL 0.5
Chrysene 17 o.OOD46  0.00225 BDL 0.5
,Benro(b)Fluoranthene i: 19 0.00031 0.00127 BDL 0.5
+zo(k)Fluoranthens 20 20 0.00026 BDL BDL 0.5
Benzo(e)Pyrene
Benzo(a)Pyrene

2 12 O.OOD18  .0.00020  BDL 0.5
20 P.DDO26  BDL BDL 0.5

fdeno(l,2,3-cdlbrene 20 20 O.DOO32  BDL BDL 0.5
Dibenro(ah)Anthracene
Benzo(ghi)Perylene

BDL = below detection limit: analyte was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quam or glass fiber  filter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detection limit repotted by the laboratory for the
individual analytes; Sampler Flow Bate: 0.7 - 2.1 m3/min

B - 4 - 3



SAMPLE ANALYTICAL
POPULATION CONCENTRATION (ug/m3) DETECTION

UMIT
ANALYI-E T O T A L  001 M E A N  M A X MIN (un)

h&@lt~.a18fl8 1 2 12 0.00395 BDL BDL 20
2-Met’: .-i Naphthal8ne 4 4 0.00511 BDL BDL 2 0
1 -Met :. Naphthalene 5

i
0.00502 BDL BDL 20

Bipher!  -.
Dimethyl Naphthalene

z 0.00502 BDL BDL 20
5 0.00100 BDL BDL 4

Acenaphthylene 12 12 0.00089 BDL 4
Acenaphthene 10 8 0.00050

0%138
BDL 1.5

Dibenzofuran 5 3 0.00104 0100270 BDL 1.5
Fluorens 12 11 0.00016 0.00026 BDL 1.5
Ph8NWIthr8M! 12 0 0.00024 0.00047 BDL 0.5

Anthracene 1 2 1 2 0.00015Carbazofe 5 5 0.00010 E BDLBDL i::
Fluoranthene 1 2 6 0.00033 o.ooo93 BDL 0.5
w-8 12 7 0.00037 0.00143 BDL 0.5
Bento(a)Anthracene 12 9 0.00022 0.00069 BDL 0.5
Chrysene 12 7 0.00019 0.00038 BDL 0.5
Beruo(b)Fluoranthene 12 10 o.ooo19 O.DOO38 BDL 0.5
B8nzo(k)Fluoranthen8 12 12 0.00015 BDL BDL 0.5
B8nz0(8Fyr8n8 5 5 0.00010 BDL BDL 0.5
Benzobmyrene  - 12 1 2 0.00015 BDL BDL 0.5
Id8nO(l,2.3-cd~pYrene 1 2 1 2 0.00015 BDL BDL 0.5
Diberuo(ah)Anthracene 0.00015 BDL
B8nto(ghi)Petylen8 0.00015 BDL

BDL = below detection limit; analyte was not identified and quantified below the detection threshold
NOTE: high-volume sampler using quartz or glass fiber filter to collect pati&-adsorbed  PAHs
NOTE: Detection limit shown is th8 low8st  dstection limit reported by the laboratory for the individual analyte
Sampler Flow Bate: 0.7 - 2.1 m3/min.

B - 4 - 4
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TABLE B-4-4.

AL AHMADI HOSPITAL
POLYCYCLIC  AROMATIC HYDROCARBONS (HI-VOL REFERENCE PM10 METHOD)

(ug/m3)

ANALYl-E

Naphthalens
P-Methyl Naphthalene
1 -Methyl Naphthalene
Biphenyl
Dimethyl  Naphthalene
AceMphthylene
Acenaphthene
Dibenzofuran
Fluorene
Phenanthrens
Anthracene
Carb8zole
Fluoranthene
Pyrene
Benzo(a)Anthracene
chrysene

Benzo(b)Fluoranthene
Bsnzo(k)Fluoranthene
3ento(8)R/ren8
Benzo(a)Pyrene
Ideno(l,2,3sd)R/rene
Dibenzo(ah)Anthrac8ne
Benzo(ghi)Perylene

SAMPLE ANALYTICAL
POPULATION CONCENTRATION tug/m31 DETECTION

LlMlT
TOTAL BDL M E A N  M A X MIN (ug)

5 5 0.00467 BDL BDL 20
0 0 N/A N/A N/A 2 0
0 0 N/A N/A N/A 20
0 0 N/A N/A N/A 20
0 0 N/A N/A N/A 4
5 5 0.00155 BDL BDL 4
4 3 0.00069 o.ooo25 BDL 1.5
0 0 N/A N/A N/A 1.5

-5’ 5 0.05ooo BDL BDL 1.5
4 0.00048 0.00184 BDL 0.5:
5 oJoo5o BDL BDL 0.5

0 0 N/A N/A N/A 0.5
5 2 0.00119 0.00170 BDL 0.5
5 5 o.ooo5o BDL BDL 0.5
5 5 0.00064 BDL BDL 0.5
5 5 0.00064 BDL BDL 0.5
t 4 0.00032 0.01425 BDL 0.5

4 0.00321 0.01425 BDL 0.5
0 0 N/A N/A N/A 0.5
5 5 o.ooo64 BDL BDL 0.5

z-
5 o.ooo93 BDL BDL 0:5
5 o.ooo93 BDL BDL 0.5

5 5 o.ooo93 BDL BDL 0.5

BDL = below detecbjon  limit: anawe was not idemified and quantif@d below the detection threshold
NOTE: high-volume sampler using quam of glass fiber filter to collect particle-adsorbed PAHs
NOTE: Detection limit shown is the lowest detection limit reported by the laboratory for the individual analyte
ampler Flow Rate: 0.7 - 2.1 m3/min

B-4-5
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TASLE B-4-5.

U.S. EM8ASSY, KUWAIT CITY
POLYCYCLIC  AROMATIC HYDROCARBONS (HI-VOL REFERENCE PM10 METHOD) j

(ugh31 $
::

ANALME

SAMPLE
POPULATION

TOTAL BDL

ANALYTICAL
CONCENTRATION (ug/m31 DETECTION

LlMlT
MEAN MAX MIN (ua)

Naphthalens 5 5 0.00507 BDL BDL 2 0
P-Methyl Naphtlwlene NA NA NA NA NA 2 0
l-Methyl Naphthalene NA NA NA NA NA 2 0
Biphenyl NA NA NA NA NA 2 0
Dimethyl Naphthalen NA NA

O.DOlEl
NA NA 4

Ac8Mphthyl8ne 5 5 BDL BDL 4
Acen8phthen8 4 4 0.00075 BDL BDL 1.5
Dibenzofuran NA NA NA NA NA 1.5
Fluorene 5 5 0.00049 BDL BDL 1.5
Phenarrthrene 3 0.00107 0.00178 BDL 0.5
Anthmcene

:
5 0.00049 BDL BDL 0.5

Carb8zole NA NA NA NA NA 0.5
Fluoranthene 5 2 0.00137 0.00235 BDL 0.5
pv-ne 5 5 0.00049 BDL BDL 0.5
Bemo(a)Anttuacene 5 5 0.00061 BDL BDL 0.5
Chrysene 5 5 0.00081 BDL BDL 0.5
Benzo(bIFluoranth8ne 5 5 0.00061 BDL BDL 0.5
Bertzolk~Flwrantherw 5 5 0.00061 BDL BDL 0.5
Berao(elhren8 NA NA
Eenzo(a~Pyf8n8 5 5 o.ooc~

NA NA 0.5
BDL BDL 0.5

~deno(l,2,3tdIPyrer# I 5 5 0.00086 BDL BDL 0.5
Dibenzo(ahlAnthrac8n
B8IIZO(ghi)Pe~l8fW

NA - no analysis  perfo&wd for these  an8lytes
BDL = below detection limit: analyte was not identified and quantified below the detmion threshold
NOTE: high-volwne  smpler using qu8ra or g&8 fiber filter to collect pafiicleadsorbad  PAHs
NOTE: Det8ction limn shown is the lowest detection liiit reported by the laboratory for the individwl a~lytes
Sampler Flow Rate: 0.7 - 2.1 m3/min

B-4-6



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Dee 91

LOW VOLUME  EPA MEIHOD TO-13 PAH CONCENTRATION  SUMMARES
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TABLE B-5-l.

1’“’ POlYCYCtlC  AROMATIC  HYDROCARBDNB (MEni  TO-1  3; LOW-VOLUME. PUFI

KHOBAR ESKAld CAMP1 CAMP MIUTARY AktMADl U.S.
KKMC TOWERS VNIAOE d JUMYL THUNDEROCK HOSPITAL MOSPITM EMBASSY

@lInblE&i  ~~ UItiMEdbl  BhniMEAtt  WIHMEdbt  BmlMEAct  RBItiMfM  snj

NAPHTHMENE 0.182  0.180 0.182 0.21 I 0.240  0.281 0.376  0.200 0.212  0.231 0.226
ACENAPHTHYLENE

0.28 0.22 0.21 0.234 0.281
0.037  0.04 0.037  0.042 0.06s 0.068 0.037 0.041 0.044  0.047 0.048  0.060 0.044  0.062

ACENAPMTHMENE
0.047 0.066

0.037  0.04 0.037  0.042 0.061  0.068 0.037  0.041 0.044  0.047 0.648  0,066 0.044 0.062 0.047 0.066
FLUORENE 0.037  0.04 0.037 0.042 0.061  0.068 0.037  0.041 0.044 0.047 0.048  0.068 0.044  0.062
PHENANTHRENE

0.047 0.066
0.037  0.04 0.037 0.042 0.061 0.068 0.031  0.041 0.044  0.047 0.048  0.066 0.044 0.062

ANTHRACENE
0.047 0.066

0.037  0.04 0.037 0.042 0.061 0.068 0.037  0.041 0.044  0.047 0.048  0.066 0.044 0.062 0.047
FCUORANTHENE

0.066
0.037 0.04 0.037 0.042 0.061 0.068 0.037  0.041 0.044  0.047 0.048  0.066 0.044 0.062 0.047

PY RENE
0.066

0.037 0.04 0.037 0.042 0.061 0.068 0.037  0.04 1 0.044 0.047 0.048  0,066 0.044 0.062 0.047 0.066
CHRYSENE 0.037  0.04 0.037 0.042 0.061 0.068 0.037 0.041 0.044 0.047 0.048  0.068 0.044 0.062 0.047
BENZO(a)ANTHRACENE

0.066
0.037 0.04 0.037  0.042 0.061 0.068 0.037 0.041 0.044 0.047 0.048  0.066 0.044 0.062

8ENZO~bIFLUORANTHENE
0.047  0.066

0.037 0.04 0.037  0.042 0.061 0.068 0.037 6.041 0.044  0.047 0.048  0.066 6.044 0.062 0.047 0.066
8EMZO~klFlUOfIANTtiEME 0.037  0.04 0.037  0.042 0.061 0.068 0.037 0.041 0.044 0.047 0.048 0.066 0.044 0.062
BEHZOtaIPYRENE

0.047  0.066
0.037  0.04 0.037  0,042 0.061  0.068 0.037 0.041 0.044 0.047 0.048  0.068 0.044 0.062 0.041  0.066

IDENO(I.2,3-cd)PYRENE 0,031 0.04 0.037 0.042 0.061 0.068 0.037  0.041 0.044  0.047 0.048 0.066 0.044  0.062 0.047  0.066
DLBLNZOItilANTHRACEEE 0.037  0.04 0.037 0.042 0.061 0.068 0.037  0.041 0.044  0.041 O.D48 0.066 0.044  0.062 0.047  0,066
BENZOf~,h,llPERYLENE 0.037  0.04 0.037 0.042 0.061 0.068 0.037  0.041 0,044  0.047 0.048 0.068 0.044  0.062 0.047  0.066

1131 1141 171 1121 1141 18)
18M4y-6Jun81

161 IiOl
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TABLE B-5-2.

XAD-2
POLYCYCLIC  AROMATIC  HYDROCAR6ON8  [METHOD  TO-t 3: LOW-VOLUME,  XAD.21

I

NAPHTHALENE
ACENAPHTHYLENE
ACENAFHTHALENE
FLUORENE
PHENANTHRENE
ANTHRACENE
FWORANTHENE

Y
PYRENE
CHRYSENE

u1
I BENZO(sIANTHRACENE

W BENZO(blFLUORANTHENE
BENZOIL~FLUORANTHENE
BENZOtajPYRENE
lDENO( I,2,3-cd!PYRENE
DIEtENZO{ahlANTHRACENE
BENZOtg,h,ljPERYLENE

KKMC
MEAHUIH

1 . 2 8 7  1 . 6 6 7
1 , 2 8 7  1.667
0 , 6 8 3  0.707
0 . 6 8 3  0 . 7 0 7
0 . 6 8 3  0.701
0 . 6 8 3  0 . 7 0 7
0 . 6 8 3  0.101
0 . 6 0 3  0 . 7 0 7
0 . 6 0 3  0 . 7 0 7
0 . 6 8 3  0 . 7 0 7
0 . 6 6 3  0 . 7 0 7
0 . 6 8 3  0.707
0 . 6 0 3  0 , 7 0 7
0 . 6 6 3  0 . 7 0 7
0.683  0 , 7 0 7
0 . 6 0 3  0 , 7 0 7

131

10 Mey-  18 Jun

KHOBAR ESKAN
TOWER8 VlLLAGE

MEAt’NIktMEaEl3mi

0 . 6 4 3  0 . 7 6 7 2 6 . 0  2 7 . 8
0 . 6 9  0 . 7 6 2 6 . 8  2 7 . 8

0 . 2 6 7  0 . 3 3 3 12.1 12.6
0 , 2 6 7  0 . 3 3 3 Il.? 12.6
0 . 2 6 7  0 . 3 3 3
0 . 2 6 7  0 . 3 3 3
0 . 2 8 7  0 . 3 3 3
0 . 2 6 7  0 . 3 3 3
0 . 2 6 7  0 . 3 3 3
0 . 2 6 7  0 . 3 3 3
0 . 4 3 2 0 . 6 7
0 . 2 6 7  0 . 3 3 3
0.267 0.333
0.287 0.333
0.267 0.333
0.287 0.333

1 2.1 12 .6
1 2.1 12 .6
1 2.1 12 .8
1 2.1 12 .6
1 2.1 12.6
1 2.1 12.6

:
2.1 12.6
2.1 12.6

1
2.1 12.6
2.1 12.6

t 2.1 12.6
1 2.1 12.6

MI
I

16 May-16  Jun  I 1 Jun-11  Jun f

CAMP 1
l i JOBAYC

MEAHBlilll

0 . 6 3 8  0 . 7 4 0
0 . 6 2 7  0 . 7 6 2
0 , 2 6 8  0 . 3 3 3
0 . 2 6 8  0 . 3 3 3
0 . 2 8 8  0 . 3 3 3
0 . 2 6 8  0 . 3 3 3
0 . 2 0 6  0 . 3 3 3
0 . 2 6 6  0 . 3 3 3
0.26l 0 . 3 3 3
0 . 2 6 0  0 . 3 3 3
0 . 3 6 6  0 . 4 9 6
0 . 2 6 8  0 . 3 3 3
0.268 0 . 3 3 3
0 . 2 6 8  0 . 3 3 3
0 . 2 8 6  0 . 3 3 3
0 . 2 6 6  0 . 3 3 3

18 May-16  Jun

CAMP
THUNDEROCK
MEa3mi

0 . 8 0 3  1 . 1 1 6
0.803 1 . 1 1 6
0.363 0.609
0.363 0 . 6 0 8
0 . 3 6 3  0 . 6 0 8
0 . 3 6 3  0 . 6 0 8
0 . 3 0 3  0 . 6 0 9
0 . 3 8 3  0 . 8 0 0
0 . 3 6 3  0 . 6 0 0
0 . 3 1 3  0.109
0 . 3 0 3  0 . 6 0 0
0 . 3 0 3  0 . 6 0 8
0 . 3 8 3  0 . 6 0 8
0 . 3 6 3  0 . 6 0 9
0 . 3 6 3  0 . 6 0 8
0 . 3 6 3  0 . 6 0 8

(bt

7 Jun-16  Jun  8

MILITARY
HO8PiTAL

MEAcdsIti

0 . 8 6 4  0 . 6 6 3
0 . 6 8 4  0 . 6 6 1
0 . 2 0 4  0 . 3 6 8
0 . 3 2 4  0.368
0 . 3 2 4  0 . 3 8 0
0 . 3 2 4  0 . 3 6 0
0 . 3 2 4  0 . 3 1 9
0 , 3 2 4  0 . 3 1 8
0 . 3 2 4  0 . 3 6 8
0 . 3 2 4  0.30@
0 . 3 2 4  0 . 3 0 0
0 . 3 2 4  0 . 3 0 9
0 . 3 2 4  0 . 3 0 8
0 . 3 2 4  0 . 3 6 9
0 . 3 2 4  0 . 3 6 0
0 . 3 2 4  0,360

AHMADI
HOSPITAL

MEAcJnm

(01

NOTE: All concsntratlons  sbova  rsprossnt  below  detectlon  limit vsluo8  lone-half  the dstrchon  threshold  uoed  for reporting  purposes!
NOTE:  Gamplss  not collsctsd  at Camp  Freedom,  Camp  Abdaly, or Ahmadl Hoepltal
NOTE: Very low volumsm  ware  cot/noted  at Elkan  WItage,  rslultlng  In high  detschon  thrs6holdr  and thus  hloh concentration  valuer  rslatlvr  to othor alto@
Sample  collectton  averagIng  time:  20 - 26 hourr
( 1 - esmpls  pdpulatlon
Datae  Indicate perlod  when  esmplw  were  collected

U.S.
EMBASSY

MEAMBErH

0.777 0.898
0.777 0.888
0.347 0.399
0.347 0.398
0.347 0.388
0 . 3 4 7  0 . 3 0 0
0 . 3 4 7  0.380
0 , 3 4 7  0.390
0 . 3 4 7  0.398
0.347 0.309
0 . 3 4 7  0 . 3 8 9
0 . 3 4 7  0 . 3 9 9
0 , 3 4 7  0 . 3 0 9
0 . 3 4 7  0 . 3 0 0
0 . 3 4 7  0 . 3 9 9
0 . 3 4 7  0.396

!2 May-18 Jun
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Pas&e Doslmeter Resutts  for Ozone 1031 and Sulfur Dloxlde IS021

LOCATION
(period of record)

I 93 I SO2
I I
1 Mln Mean Max 1 Mtn Mean Max

KKMC
(May-Jul 9 1)

KHDBAR
(May-Nov 91 J

RIY ADH
(Jun-Jut  91 I

JUBAYL
(May-Jul 91 I

AHAMDI
(Jun 91)

CAMP THUNDEROCK
(Jun-Nov 91)

EMBASSY
(May-Jun 91)

I 39,4

14.2

~

32.3

26.9

31.7 65.0 I 2,3 9.8 23.3

53.4 65.5

41,9 67.5

33.2 N/A 48.9

9,o 42.4 104.8

52.4 N/A

49.2

54.4

13.5 02.5

47.5 63.2
I
I 3.3
I
I

i 3.4

I
t

i 6.5I

0.2

23.8

12.5

N/A

16.6

N/A

27.1

17.8

46.3

22.9

92.5

27.5

7.0

47.3MILITARY HOSPITAL
(May-Nov 9 1) t

N/A : not available; less than three samples
SamfIt times a
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KUWAIT  HRA GIS mLOT PROJECT

1 BACKGROUND.

a. TbeUS~hwlthrisk assessment m) effort to suppm Public Law 102-M
Seetion734,Rquiresameansto~~suretoDOD~aadcivilianpersonnel,
dcployedforopeationl&ertStcmn,fkomtheKuwzdtoilwellfires.  Atotalof605oil’well
~,~overeightoilwell~~gartasiagUwaa,wneignitedbytheretreating
Iraqi soldks  in mid-February  1991.  To accomplish this, the USAEEIA combined two
pllutant  spciflc concendon  data sets, troop unit movement  data, and sateuite imagery
intoaGE TheGIstechrrologywasselectedto~yaoeeptthedynamicnatureofthe
datatypcswbichw~Rquiredto~asolutiontotheproblem.  TheGISportionofthe
g3lwaitoilWe~FiresHRAiscomprisedoftwoworkiagtasks.  Thefkttaskistoapply
~workflow~tobatha~~~~rcgianand~~e~orderto
demons&atethe&fpabilityoftheGIS.  Tbisi%kistumedtheKuwaitaRAGISPilot
Projen  ~secondtaskistoqplytheworkflowproceduresandmeth&demonstmtedin
thepilotprOj~~theentire~StormTbcatffofoperationsfortbedurationofthe
Kuwait  oil well %5s. The following  d&us&n desctibc the e used to complete
the Kuwait  H&l GIS Pilot Project  task

b. The first pollutant-specific  con-on data set was comprised of eight fixed site
samplinglocatioasinKuw&andSaudiArabia.  Ambicntairstodsoilmediaweresampledat
thesesites~15May-4~~1991tlrdreprcsented~jorgeographic~
s@gi.nglocations. I.naddition,theUS~~withtheNational~cand
Atmospheric  M ’ ’ . =* (NOAA) Air Resources  Laboratory  (ARL) to provide 24hour
predicted unit emission con-on estimations on a 15 X 15 kilometer grid
elIcompassing the Desert storm Thater  of Operations. The complI&olls were performecl
using a Iqrangian transport and dispersion model and anal@ meteorologid  fields
modified  to account for the non-linear  radiative effects  of the smoke plume on the vertical
mixi.ngofthepoIlu~. The~modelusedbytheNOAAARLisnamedHY-
SPLJT (Hybrid  Single-Particle  Lagrangian Megmted Trajdj. The reference base for
the model 5 described by Draxler  (reference  61). More sormatkm  on HY-SPD is found
in paraglq;‘: isa. The sampling pial record for the second pollufa&s@k  concenttation
~setwas3Feb1uary- 31 Octokr 1991. This air dispersion modeling effort enables
rlailyconcentration~~tobeusedincalculatingtrpaplmit~fromtheoilwe~
~asthetrcqsmovedwithintheThearaofoperations.  ThcemphasisoftheKuwait
HRA GIS Pilot Project and subsequent work for the adire Desert Storm Theater of
Opations is to calculate total risk (both zxinogenic  and non-carcinogenic) for troop units
when they are %der” the oil well iire plume(s). Thus, the basic assumption  is for exposure
tobe&ulatedwhentcwpunitsarewithiilpredefined plume boundaries.  The GIS Pilot
Project will use both data sets to w.lculate  exposure from the Kuwait oil well fires to troop
units in the Desert Storm thm.
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@ 2. PILOT PROJECT  GEOGRAPHICAL  COVERAGE AND TIMEFRAME.

a. sThe Kuwait  HRA GIS Pilot Project  study
area encompasses the Defense Mapping Agency I&al Chart of the World (DCW)
geographic region designated as Tile RH13. This tile has geographic coordinates of 25-30
degrees north latitude and 45-50 degrees east longitude, and covers the Emirate  of Kuwait,
the far northeast  region of the King&m  of Saudi Arabia,  the extreme south region of the
Republic of Iraq, and the extreme  southwest region of the Islamic Republic of Iran. The
Kuwait ERA GIS Pilot Project study  w is shown in Figure B-7-l.

b. Kuwait  HRA GIS Pilot Project  Sampling Period. The chronological data analysis
perhI for the pilot project includes the calendar year 1991 Julian day period of 138-144  (18-
24 May 1991) and 15 days prior and post period (3 May - 9 June 1991). The total period of
record for the pilot project is 37 days.

3. GIS SPECIFICS.

a. The USAEELA  procured  the GIS (both hardware and software)  from the Intergraph
Corporation h&quartered in Huntsville,  Alabama. In general,  the USAEKA  GIS consists
of an InterPro 1%55 series server,  two large screen InterPro 6240  series  workstations;  one
InterSewe 6000 series workstation -gnated  as plot -eeT, 36inch  Versa&c 8936 color
electrostatic plotter,  Intergraph 2217 laser prinm, mn 80 column dot-matrix  printer, and a
differential  r&/write  optid media jutrebox. Figure B-7-2 displays a set-up  diagram of the
USAEEA GIS. The Intergraph hardware was installed by a field engineer (FE) in November
1992. The Intergraph  software was  installed by the FE and customer engineer  (CE) in
December  1992.

b. The US= began training on the Intergraph  GIS in December  1992. Workshop I
included implementing the GIS to include lessons on the modular  GIS environment  (MGE);
database  d&gn; project inputs/outputs; production workflows;  computer networking;  and
preliminary  discussion on the Kuwait HRA GIS pilot project.

c. Workshop  II included training on the Microstation 32 software package with emphasis
on mapping graphic data input; graphics and text manipulation; and fundamental  map design.
Workshop III included tmining on the Microstation32, MGE/Standard  Engine (MGIYSX),
modular GIS applications (MGA), and relational interface system  (RIS)  software packages.
Discussions were geared toward  project planning,.  organization and design; database design,
topology and topological construction in MGA; and the execution, display and output of
analytical queries. The USAEHA  received one week of training on the Informix structured
query language (SQL)  database management system.  The USAEEIA  received one week of
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training on Imager Staticin  Imager (ISI-2) software to include l-day review of remote sensing
fundamentals,  2days of ISI- training, and 2-days of tmining appli~ons sp&.fic to
interpretation  of NOAA Advanced Very High Resolution Radiometer  (AVHRR) satellite
images taken of the Kuwait  oil well fire plumes.

4. DEVELOPMENT OF PILOT PROJKCT Ow AND MILESTONES.  The
USAEEIA developed specify  objective and milestone listings for the completion of the
Kuwait  HRA GIS pilot Project.’ The USAEEM GIS pro&t m risk values from use of
the site-specific data (to include the inhaktion,  in@, aad cknnal pathways) and the
NOAA Hysplit  modeled data (inh&ion  pathway  only). Specific miles&ones  and associated
completion dates for each follow.

a. System setup and configuration:  December  1992 - June 1993.

b. Lading  of system dam:  May-June  93. The NOAA Hysplit data comprised
approximately  3.5 gigabyte (GB)  of storage space. The NOAA satellite imagery  comprised
approximately  9 GB of storage space.

c. Study area defined with respect to NOAA  model and satellite plume boundary
features:  Octok 1993.

d. Calculation of daily risk valufx using NOAA Hy@.it  modeled data: November 1993.

e. Calculation of daily risk values using site  qxcil?c  sampled data: November 1993.

f. Generation of (daily) unit location f%les  based on geographic etes: October -
November 1993.

g. Generation of modeled and sampled risk values assigned to trwp units based on their
locations for specified Julian days; and relative position to NOAA  modeled grid points and
sample site Thksen polygons:  November 1993.

h. Compa&on  of modeled and sampled site  risk vahux Novemk 1993.

i. Generate GIS Pilot Project output and provide -on: November - December
1993.

5. DEVELOPMENT OF PILOT PROJECI WORKFLOW  PROCEDURES. For each of the
above &ted milestones and associated objectives, workflow procedures  were developed. A
brief discussion of each follows.

a. D~%w NOAA Hvsblit Outical Death Area.  The US= received the ~y-sp~;r~
modeled data from NOAA All on a series of 8 miku&er  magnet& tapes. For each Julian

day, four model time step files were provided to allow selection  of the model time step
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which coincided with the NOAA AVHRR  satellite image valid time. In general, the 1500
hour local standard time step was chosen. This is a result of analysis of the NOAA  AVHKR
images to determine the best time for visual identikation  of the oil well fire plumes.
Additional information is included in section 5c. The respective optical dqth values
(aging from 0.01 to 4.0) for latitude/longitude coordinates within the pilot project  study
area were referenced  to the underlying DCW vector data.

b. C-m&@,&-
The opti& depth values for each Julian day kre placed intouthe  GISParameter.
environment using a pointplacer  routine. The perimeter  model grid points were then digitally
traced, thus creating a digitized model plume boundary feature. Figure B-7-3  shows  the
modeled optical depth plume grid points and boundary definition for Julian day 140 (20 May
1991).

c. Conversion, &traction, and Color Composite Generation of NOAA AVHRR  Satellite
Images. The raster  satellite images were obtained from the National Center for Atmospheric
Research (NCAR).  The AVHRR images (from the NOAA 9, NOAA  10, and NOAA  11
satellites)  comprised of 5 spectral bands and through consultation with the Intergmph
Corporation, spectral bands 1 through 3 were subsequently  used for image interpretation.
These bands cover the visible through mid infrared  wavelengths of the electromagnetic
qxctrum. The NOAA AVHRR  wavelength range (in microns, pm) for spectral bands 1
through 3 are 0.58-0.68 pm; 0.725-1.10 pm; and 3.55-3.93 pm, respectively. Each spectral
band was  then extmcted from the converted file. A color composite image was  then cmted
and subsequently viewed to assess satellite plume defiuition. The NOAA 11 AVHRR
satellite  images used were taken during the aftemmn satellite  pass over the Persian Gulf
region. This time equated to approximately 1500 hours local  stzmdard  time (UT) or 1100
Greenwich Mean Tune. This daytime image provided  the best contrast for determining the
oil well fire superplume over the Persian Gulf  environs. For the pilot project, we were
unable to reproduce any NOAA AVHFtR  images for Julian days  142 and 143.

d. Cr&.ne_ Dkitizin@  Satellite Plume Boundaq.  Prior to digitizing the satellite plume
boundaries, the DCW vector data for the pilot project  area were referenced and then attached
to the satellite images. III general, the geometric attributes are referenced to the satellite
images. Next,  the satellite images are individually digitized using the MGE digitizing
application. The visible-and near-infmred  spectral bauds  were viewed to help in the
placement of the oil field plume boundary. The color composite images were used as the
primary  digitizing image. Each daily satellite image plume boundary was attributed with its
Julian day and linkge features.

e. Metig of Modeled and Satellite Derived Plume Boundaries. Each of the Juti

day’s  satellite and modeled plume boundaries were area merged using the MGA area merger
application. This was done to build a plume boundary feature which establishes the .
combined satellite and modeled plume boundaries into  one  complete file. After completion
of this step,  the merged plume boundary features were subject  to generation of a
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15 kilometer (I@ buffer zone encompassing the merged plume lxnmdaq. This was
accomplished using the feature zoner option in the MGA. The 15 km distaxe  was  chosen to
extend the geographic  region of troop unit risk calculation and coincides with the NOAA
HY-SPLfT concentration grid spacing. Figures  B-74 throughR-7-6  display the satellite,
merged,  and buffer zone plume boundary features for Julian day 140.

f. In order to assess exposure~of3lbiessenons  for Eipht Sarn~led  Sm
using the site-specific sampled data, a series of Thiessen polygons  wezle constructed .for the
sample locations. The geographic  sample ldon etothecentroidofthe
Thiessen polygon. A GIS design file containing the m polygons  was constructed and
subsequently copied for each of the Julian days for which ex~8%ue  was  calculated. Figure
B-7-7 displays the Thiessen polygon design file used for the pilot project work m. The
sample site designations listed (i.e.,  02 for IKMC; 03 for Dhahran;  04 for Riyadh; 05 for
Al Jubayl; AH for Ahrnadi;  CT for Camp Thunderock;  MH for Militaq Hospital;  and UN
for U.S. Embassy) are the polygon centroids.

g. m Unit Movement  Database. The U.S. Army  and Joint Services Environmental
Support Group (ESG)  is the agency responsible for pRwidiag  a m containing Desert
Stoxm persomrel and their movement  in the Theater  of op’eratons. The Defense  Manpower
Data Center (DMDC) developed an Opalion Desert Shield/Storm database which contains
personnel information  for those who were deployed to the Theater  of operations. This
&abase identih more than 650,000 active, guard,  Rserve,  aad civil& personnel  and more
than 13,300 troop units. The DMDC  database will se.tve  to populate the personnel  database
tobeusedbyESG.  Thelocationoftroopwitsip.tbeTheaterofoperationsarebeing
entered into a database at ESG. These unit lens arc being ga&ered  from unit history
data archives to include dajly log reports,  After Action Reports, and map overlays for all
military  branches. In general,  the ESG trwp movement  database will have specific fields to
include unit identifrdon  codes (UICs),  unit name, lo&on name, arrival and departure
Julian days, and geogqhic coordinates.

6. GIS PILOT PROJBCT PROGWlkfMlN G AND DATA SUPPORT.  A series of compiled
“C” programs were developed to support the calculation of CarcinogeLLic  and non-
carcinogenic  risk using both site-specific saxnpw data and NOAA HY-SPLIT  modeled data.
As previously  mentioned, the site-specific sampled data will be used to generate  exposure for
the inhdation;  ingestion, ~IKI  dermal pathways. The NOAA HY-SPIJT  modeled data will be
used to geneme exposure for only the inhalation pathway. In geneml,  two statistical
distributions have been used for representing  air pollutant concentrations are the lognmml
and the Weibull (references  10 and 53). r * tion of the USAEHA  data displayed the
different  media to be lognormally  distributed. For both data types, the programs,  will
generate  daily risk values which are comprised of daily 31day rolling 95 UCL log-nond
concentrations for all pollutants. This 31day rolling 95 IXL was used to continue the
COmparkOn  between the interim Kuwait  HRA l&tlg only the sampled data (i.e., monthly risk
vdUM were cakuhted)  and to provide a conse~ative  concentration estimation for the NOM
HY-SPLJT  data.
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a. NOAA HY-SPUT Modeled Data. Advection and diffusion calculations are made in a
IAgraugian  framework,  while the meteorologkl input information is obtained from gridded
data fields output from Eulerian numerical weather prediction models. Air concentrations
are calculated on,a fixed tkeedimensional  grid by integrating all particle masses  (a single
pollutant particle represents the initial source  which is then divided into several particles to
represent  the complex flow field) over the sampling time. Model computations of carbon
soot smoke and sulfur  dioxide air concentrations were comparwl with the observations from
several intensive a&raft meafllrement  campnigos as well as longer-term ground-based
measurements. The measurements and m&l calculations were in substantial agreement
when the results were averaged over several epti. The highest normalized concentra-
tions were always located near the coast between Kuwait and Quatar, with the peak values
moving farther  west and inland with each season. A rolling Julian day average was selected
for generation of @h.ttant concentrations at the model grids. Since  the HY-SPLJT  model
provided  unit emission concentrations, a pollutant-specific emission factor  table was
constructed to contain oil field specific emission factors. For the GIS Pilot Project, the
emission factors were arbitrarily  set to a value of 100. Derivation of oil field, time
dependant pollutant-specific emission factors will be conducted for the Final Kuwait Oil Fires
HRA GIS Pilot Project  using oil field speciiic assay data collected in November  1993. The
program utilizing the HY-SPLIT modeled data dculates  daily  carcinogenic and noncarcino-
genie risk values for each modeled grid point. A 201 by 201 concentration grid (or 40,401
concentration grid points) encompasses theSouthwest  Asia region. The number of concen-
tration grid points contained in the GIS Pilot Project  region is approximately 1,300. A plot
of the project-gridded  concentration rece@rs is displayed in Figure B-7-8.

b. Site&e&c Sam&d I%&. The site-specific sampled data (both  administrative  and
concentration) collected during the May - November  1991 period was validated (with respect
to sample media holding times, flow rates, and breakthrough) then loaded into the GIS
database. The program utilizing the site-specific sampled data calculates  daily carcinogenic
and non-carcinogenic risk values for each Thksen  polygon centroid.

. .c. Riskalamcte~~ . The toxicity and exposure assessments  are integrated into
quantitative and qualitative expmions  of risk. Excess lifetime wcer risks are obtained by
multiplying the intake rate at the exposure point of the contaminant by its cancer slope
factor. The total cancer risk for the eFsure point is determined by adding the individual
ax.er risks for each pollutant in pathways then summing the risk for all pathways.
Noncancer  hazards are obtained by dividing each pollutant’s daily intake by its reference
dose (RfD). The hazard quotients are summed for the various pollutants to obtain a hazard
in&x (HI) for the pathway. The His for various pathways are then combined and represent
the total noncancer risk for the exposure point. The exposure factors used in calculation of
intake were derived from EPA Risk Assessment Guidance for Superfund (RAGS)  pubha;
tions (reference U). In general, EPA default values were used along with modifications to
the breathing rate, daytime and nighttime exposure hours  values. The slope factor  and RfD
values were derived from the IRIS and HEAST  database publications of 1993. The GIS
database table containing these entries was developed so that as the factors are updated, the
respective slope  and RfD factors can also  be updated.

i B-7-1  1
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d. Troop Unit Data. For the GIS Pilot Project, both real-time and pseudo troop unit
movement data were used. The real-time trwp unit movement data contained entries for a
portion of the USAEEZA  personnel in the Kuwait Theater  of operahons during May 1991.
For the most part, the USAEKA  personnel remained static at the eight site-specific locations.
There were instances where a portion of the USAEEA personnel moved from the Saudi
Arabia lo&ions  to the Kuwait locations and vice+ve~~~ The pseudo trwp unit movement
was  generated using a random longitudeA@ude genera&r.

7. EXECUTION OF PROGRAMS. All of the above information was i&grated  and
subsequent execution of ,the programs to &zlate both sampled-site and m&led risk for the
Julian day period of record were performed. The following pamgraphs provide a brief
explanation of the progmms. The exact execution of the programs was  critical to ensure that
the necessary information was available for use in the subsequent program.

a. Program 1 calculated modeled health risk values for the NOAA grid points for
specified Julian days, and then generated text files  to contain the calculated risk values.

b. progr;M 2a mlculated sampled risk values for each of the eight sampled sites  for
spcified Julian days.

c. Program 2b generated sample site design filw (containing Thiessen polygons) for
sped&cl  Julian days. One file is genem&i for each day.

d. Program 4 (GULF) generated unit lo&on design Cles  based on their geogxaphic
coordinata (la&u&,  longitude).

e. Program 3 (MM) assigned modeled and sampled risk values to troop units based on
their Itions for specitied Julian days  and their relative position to NOAA grid points and
sample site  Thiessen polygons.

8. KUWAR  ERA GIS PILOT PROJECT CAPABILTTY.

.a. E,xammAon  of the GIS Pilot Project outputs (for Julian days 138-144) displayed
results which are ee from the execution  of the above  programs. Program 1 generated
the appropriate  text fks containing mhalation risk values for each model grid point.
Progmn 2a appropriately calculated the pathway-specific  risk values and populated the site
risk database table with the risk values for the corresponding Julian day. Program 2b
correctly copied the sample site design file (containing the ~ple site centroid features
bounded by the Thiessen polygons) for Julian days 138-144. Program  4 generated the unit
location design files for the fixed sample sites  to include Khobar  and Al Jubayl and random
site locations within the GIS Pilot Project study  area. Program 3 uniquely identified troop
unit(s)  that were within the plume boundary and GIS Pilot Project  boundary features for the
period of record and subsequently populated the unit database table,with  the calculated risk
values. The risk values presented in this table are preliminary and have not been
validated.
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b. A sample output of the GIS generated  risk values for the kkntiiied tfoop units is
contained in Table B-7-l.

TABLE  B-7-l. SAMPLE GIS PILOT PROJECI’  OUTPW  OF SAMPLED  AND
MODELKD  RISK VALUES

NOTE The risk values presented in this table are preliminary  and have not ken validated

9. CONTINUED  KUWAIT EJU GIS WORK.  To date, the USAEKA GIS Pilot Project  has
been completed with the exception of validating the output risk values. We are currently
revising the programs to output the assockd  risk value eveqtime a calculation is made.
llxis will be done for a selected day within the pilot project  timeframe. These values will
thenbeanal~andusedaCrtputto~tusspn=kheet fizes to dculate the GIS output
risk. Any -es will be noted and the GIS risk calculation programs revised. Upon
completionof~~,~w~owprocedureswillthenbe~iqordertocoverthe
entireperi~inwhichtheoilwellfireswemablaz.  Au rcvisinnswillbedocumented.  Itis
anticipated that the fmal USAEHA  GIS Kuwait  oil well fires HRA will he completed by end
ofCY1994.  Thiscomp~dateisdepwdentupwreoeiptoftbetroopuDitmovement
daiabue.

10. GLOSSARY  OF TERMS.

a. m.The lagrangian  diffusion  theory is based on considering the
meandering  of marked fluid particles in the flow.

B-7-14
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b. Eulerian Approach. The eulerian diffusion theory is b&l on og out a material
balance over an infinitesimal-region  fixed in space.

c. Tooolo~v. Topology is used to represent the spatial relationship between graphic
data. Spatial relationships arc the associarions  between geographic data based on their
relative location to one another.

d. ODtical Devt$. optical  depth is defined as a mathematical expression which includes
the extinction coefficient of smoke and the smoke concentration integxated  over the depth of
the computational domain.

e. Raster Imape. A multi-dimensional matrix of spatially  ordered numbers where each
cell within it is called  a pixel (or picture element).

f. Coltis or characteristics in a relational database that describeAtibutes.
geographic features.

g- lciLiss=M~~ . A method developed from the field of hydrology for data
reconstruction where adjacent stations are co~ected with straight lines. From each line,
perpendicular  bisectors are drawn forming  a s&es of polygons.
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KUWAIT/SAUDI  ARABIA 1993 RETURN  TRW
AIR DATA  SUMMARY
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1. OVERVIEW. Ambient air sampling was conducted at two W from 31 Octolxr 1993
through 10 November 1993. The Saudi-Arabian  site was located in Khobar  Towers on the
rooftop of Building 117 (approximately  70 feet above grour@.  This site was  within a few
hundred yards of the original  “Site 3” sampled during 1991. The Kuwait  site  was  located on
the roof the Directorate  of Logistics,  Building 25 of Camp Doha. Air sampling was
conducted approximately  30 feet above ground level and within a mile of the original  “Camp
Thu~mck” location sampled in 1991. Table B-8-l contabs  a listing of the sample
locations, durations, and media collected for the return trip.

TABLE B-8-l. RETURN  TRIP AIR SAMPLING  SPECIFICS

Sample
TWe I site

TO-1 CT= 31 act 8 Nov 60 4

03’ 1 Nov 10 Nov 64 4

TO9 CT 31 act 8 Nov 12 7

03 1Nov 9Nov 11 8

TO-13 cr 31 act 8Nov 12 a

03 1 Nov 9 Nov 11 8

WO CT 31 act 8Nov 26 0

03 1 Nov . 9 Nov 20 0

Total
Blanks

i 3

l Site CT is Camp Thunderock,  Camp Doha,  Kuwait
Site 03 is Khobar Towers,  Dhahran,  Sandi Arabia

2. SAMPLING  METHODS.  The air sampling comprised af: EPA Method TO-1 for VOC
determination; EPA Method TO-9 for dioxin and furan -on; EPA Method TO-13
for PAH;  PMro  sampling for d&nnir@on  of particulate matter with an aerodynamic
diameter of less than 10 microns;  and cascade impaction for the breakdown of the Particulate
matter by size. Specific comments on these methods follow.
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12-hour periods (comprising a total of eight Tenax tubes per day)  on every other day. The
remaining days  were to sample for one 1Zhour period using only  one set of tubes. Every
fourth day a matrix spike was to be collocated with this single  12-hour run.

b. EPA Method TO-9. This methti  used a polyu&hane  foam (PUF)  cartridge in a high
volume sampler. The method called for approximately 325 & of throughput  in each 24hour
g-mid. This required differential  pressure  (Magnehelic) readings of approximately  50 ‘inches
of water. A single PUF cartridge,  together with a filter,  was used for each days sampling.
Most of the &dges used had been spiked by EPA with a mrb0r.t  labelled dioxin isomer.
Two field blanks were used at each site  in addition to one or two travel blanks. The Kuwait
and Saudi Arabia TO-9 samplers were initially calibrated with  a five point flow calibration.
Subsequent to this,  single point calibrations were performed  in Kuwait and five-point
calibrations were performed  in Saudi Arabia. These calibrations were performed  prior and
subsequent to each day’s run.

c. EpA. This methcxI  is similar to EPA Methti  TO-g. The difference  is
that the TO-13 sampling pnxedure uses an XAD resin cartridge. The diff?culty  with this
sampling was  that tightness of the XAD &d.ge made it impossible to achieve the desired
flow rates of 325 cubic meters per day.  The maximum achievable rates were between 100
and 200 cubic meters per day.

d. PM,,g.Collocated high volume particulate samplers equipped with PMIO
wpling hoc& were at both sites.  Initially,  each sampler was used for 24hour runs. Later,
one of the samplers was used for 12-hour runs while the other remained mpling for
24 hours  at a time. Each PMro sampler was  initially calibrated with a five-point check on
Day One  of sampling. Subsequent calibrations were performed  only  if there were major
equipment modifications to include motor replacement. There were no operational,
calibration or other difficulties with this sampling.

e. Cascade  h~ction.  cascade impactors were run at both sites  in order to determine
particle size  distribution. The maximum sampling time at Kuwait was 30 minutes (longer
sampling periods would have put undo strain on the electrical supply), while the sampling at
Khobar  Towers was run for as long as 2 hours.

* Tenax is a registered trademark  of CC-F& ,N.V.,  The Netherlands.
a SKCisareg&eredt&emark of the SKC Inc., Eighty Four,  Pennsylvania.
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APPENDIX  c
SOIL SAMPIlNG AND SOIL PATHWAY  ANALYSIS

1. PURPOSE.  As part of the multimedia environmental -ling effort to assess the health
risk from oil fires to U.S. military troops and Department  of Defenx (DOD)  civilians
involved in Opemtion Desert Storm, soil samples  were collected  to determine the risk from
the demal and incidental soil  ingestion routes of exposure.

2. GENERAL.

a. Bac@roun&

(I) In response to health con~rns for personnel exposed to smoke  and residues from
the burning and gushing oil wells in Kuwait,  the U.S. Army Surgeon General,  as lead for the
DOD Tri-Services  Working Group, tasked the U.S. Army Environmental Hygiene  Agency
(USAEEXA)  to perform a health risk
DOD troops and civilians.

assessment  (HRA)  on the impact of the oil well fires on

(2) To meet this objective the following information is presented to descrilx  the
methodology for col.lecting  soil samples  which will be used to assess  the dermal and ingestion
routes of exposure during the HRA. The soil sampling data will be wmbined with the air
monitoring and industrial hygiene data to perform a comprehensive H&4 that will evaluate
all pathways/routes  of exposure.

(3) The visual impact of over 600 burning oil wells  emitting smoke to the
environment drama&d the air pathway/inhalation imlxct of the fires. Large quantities of
particulate matter, both respirabie and nonrespirable, were produced by the fms and
subsequently  deposited  on the soil at varying dices from the fires. These fire-related
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particulates, along with the soil,  were then available for incidental  iug&on  and dermal
contact with the resultant potential health risk. To ensure that all nnxjur  routes of exposure
were evaluated (inhalation, ingestion, and dermal contact)  soil  sampling ami anaIysis were
CO&C&d.

b. Exuosed F@o@atio~.  The Kuwait Risk Assessment Team’s (KIWI)  mandate was to
assess  the exposure and subsequent health risk to DOD froq~ am-l civ%ans. Therefore,  our
sampling was  concentrated at major locations  whe= trwps were stationed. To determine the
exposure to troops from locations where no fixed facilities  exist and no ambient air sampling
was conducted, soil sampling was  consider& for these locati~  if security and logistics
would allow. Unfortunately  these “temporary and/or previously -cd” locations could
not be -pled due to safety and tmnqxxMon difficulties. Sampling locations were
themfore  only select& from permanent  facilities where U.S. troops were or had been
located. However,  for the air pathway analysis  modeling will be codwted  to assess the
impact of the inhalntion  route at trwp sites  where no air sampling xtivitia were conducted.

c. C0ntanggmt.s of Concern.

(1) Soil samples  wm collected to assess  the impact of the particulate fall-out from
the oil fiTes. The composition of Kuwait crude oil is exkremeiy  ccnnpkz (see  Table C-l). In
addition, combustion, incomplete combustion and transformatkn  prM&cts  were generated by
the fins and environmental reactions. The crude oil cxmtakd  arsenic, vanadium, and
nickel. There was  also some speculation that the crude oil amtai& mercury.  These metals
were therefore  selected  for analysis. In addition, lead, chrcunik,  beryllium,  iron, calcium,
aluminum, sodium, wdmium, zinc, and magnesium were sleeted for analysis based on their
toxicity, potential wntribution  to overall risk to DOD personnel, and abundance from natural
and anthropogenic sources  (see  Table C-2).

(2) The entire spectrum of possible organic conqxnm& could not be analyzed;
therefore,  the stadard EPA semivolatile organic compound (SVOC)  scan (see Table C-3)
was performed  on the soil samples. This scan  included many of t.k carcinogeaic  polynuclear
aromatic hydrocarbons (PAHs)  that could potentially be pra&ced by tk k and nonvolatile
c0mpxtnds that are contained in the crude oil. The orgar& selacteb  for analysis were again
based on the com@tion  of the crude oil and the.*tial  to be products  of combustion.
Contaminants that would be expected to be assoc&d with  tk air medium but not the &,
due to their physical properties  [i.e.,  volatile organic compounds  (VOCs), gases, and acid
gases], were not analyzed.
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TABLE C-l. SAMPLE ASSAY OF KUWAIT CRUDE OIL

Pure Components:

Anthzacene
1,4-Butanediol
Benzene
Butadiene
Butane
Butylene
Cumene
Cyclohexane
Cyclopentane
Decahydronaphthalene
Ethyl Alcohol
Ethyl Benzene
Ethylene
Heptaae
HYdtosen
Tetrahydronapthalene

Natural Occurring Hydrocarbon Mixtures:

Asphalt
CESOlS
Kerosine
waxes:  Braen. .Dmihtes:  FlashStocks. .Drdates:  Straight Run
Gasoil:  cracked
Gasoline:  Casinghead
Gasoline:  Straight Run
Mineral spirits
Naptha: CoalTar
Naptha:  Solvent
Jet Fuels: JP-1
Jet Fuels: JP-3

IeButane
Pentane
prop=
Propylene
m-Xylene
Methane
n-Amy1 Memptau
Naphthalene
Nonane
Toluene
Nonene
*Xylene
octane
pxylene
Pentane
Phenol

Oil Fuel: 1
Oil Fuel: 1-D
Oil Fuel: 2
Oil Fuel: 2-D
Oil Fuel: 4
Oil Fuel: 5
Oil Fuel: 6
oil: clalifled
oil: crude
Oil:  Diesel
Petroleum Naptha
Straight Run Residue
Jet Fuels: JFA
Jet Fuels: JP-5
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TABLE C-l. SAMPLE ASSAY OF KUWAIT  CRUDE OIL (Continued~

colltaminants:

Amitmthy lethanolamine Mcmmthmolamine
Arsenic Nickel Carlmyl
Benzonhile N&e1
Benzylamine Ndmbemae
Diethanolami.ne Sulfur
Ethyl  Meraptan Vanadium
Ethylemdiamine Hydrogen  sulfide

Combustion Products:

Nitrogen Oxides
Ally1 Alcohol
Dioxane
n-Amy1  Methyl&tone
carbon Dioxide

Water

Potential Combustion By-products:

Tdd@OfuXau
Ropyleneoxide
sdfluDioxide
Nm Oxides
Vanadium Pentoxide

EzgLKme
G-C, compounds
hlycyclic ATomatic

Methyl Ethyl Ketone
-gases
Alkyls,  Esters, Ethers
HY-
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TABLE C-2. METALS ANALYSIS CONlXJCTED  ON SOIL SAMPLES

Metal Liit of Ouantitatioti hndkd

Aluminum

AElliC

Beryllium

Calcium

Cadmium

ChrollliUlll

Iron

MercurY

Magnesium

Sodium

Nickel

Vanadium

ZillC

50.0

0.2

0.2

10

2.0

4.0

10.0

0.04

50.0

20.0

10.0

0.2

10.0

4.0
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TABLE C-3. SEMIVOIM’ILE ORGANIC ANALYSIS CONDUCTED ON SOIL
SAMPLES

LIMITOF
COMmuND OUANTIT~ON  LED&

phenol
bis (2-chlorcWhyl)  ether
2-chlorphenol
1,3dichlorobenzene
1,4-dichlor0krzene
benzyl alcohol
1,2dichlo~knzene
2-methylphenol
bis (2-chlorisopropyl) ether
4-methylphenol
N-r&o&i-n-propylamine
hexachloroetbane

nitrobenzene
isophorone
2-n&phenol
2,4dimethylphenol
benzoic acid
bis (2chlor~thoxy)  methane
2,4dichlorophenol
1,2,4+richlorobenzene
naphthalene
4-chl~e
hexachlorobutadiene
4Aloro-3-methylphenol
2-methylxqhthalene
hexachl~yclopentadiene
2,4,6-trichlorophenol
2,4,5-trichlorphenol
2-chloronaphthalene
2-nitroaniline
dimethyl phthalate
acenaphthylene

330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330

1,700
330
330
330
330
330
330
330
330
330
330

1,700
330

1,700
330
330
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TABLE C-3. SEMlVOLAlILE  ORGANIC  ANALYSIS CONDUCTED  ON SOIL
SAMPLES (Continued)

COMPOUND
LIMTTOF

OUANXTATION_((le/kP

3-niWe
acenaphthene
2 ,&iinitrophenol
44trophenol
dibl2XlZOfllIXl

2,44initrotoluene
2,6dinitrotoluene
diethyl phthalate
4-chlorophenyl phenyl ether
fill-

4-nitroaniline

0
. _.

2-methyl4,Mir&ophenol
N-nitrosodiphenylamine
4-bromophenyl phenyl ether
hexachlorobenzene
pemachlorophenol
phenanthrene
anthfacene
di-n-butyl phthalate
fluoranthene
PYrene
butyl benzyl phthalate
3,3’dichlom~dine
ten20 (a) anthracene
bis (2-ethylhexyl)  phthalate
chrysene
di-n-1 phthalate
tmzo (b) fluoranthene
km20 (Q fluoranthene
lmzo (a) pyrene
indeno  (1,2,3-cd)  pyrene
dibenz (a,h) anthracene
be1120 (ghi) perylene

1,700
330

1,700
1,700

330
330
330
330
330
330

1,700
1,700

330
330
330

1,700
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
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d. Analvtical Suuoort. Samples collected in the field were ~IXU to a central in-theater
holding facility at Khobar,  Saudi Atabia for any re@red  pneparation  prior to shipment to the
U.S. Soil samples were shipped  to USAEHA  for Momtory  atralyses  (see  Appendix E for a
complete discussion of ana.lyti& meth&ology  and quality  asslrraDce).

3. SAMPLING  CONCEIT.  The following pamgraphs describe the wroach that was  used
to conduct the soil sampling.

a $mdin~ Occur&d  ti. Samples were collected from the areas where U.S. troops
were concenttated. At each selected troop location three to five soil samples  were collected
when the BRAT arrived. Surface  composite samples were collected from 100 yard by 100
yard atws. Each wmposite consisted of 50 to 100 subsartrp~  depending on the consistency
of the soil and the sampling depth. This method of collection  will give a better
representation of the contaminaats the troops were exposed to tku~ single point discrete
samples. Surface soil samples represent  what troops would be exposed to by the dermal and
incidental ingestion routes better than wre samples. The SampIing depth was  the top 1 to
2 inches  of soil. Soil samples  were collected from the same m anzas  where ambient air
sampling stations were located to complete the exposure asessma for all pathways. A
second  and sometimes a third round of soil mples were colktul f&n the same permanent
(i.e.,  long-term) air sampling locations and in an identical mawxasthefktround.  This
was done to tty and discern if the deposition of -genera@ ~xuk&ms could lx measured
in the soil  through an increase in contaminant levels.

b. C. The 100 yard by 100 yard sampling areas were
randomly selected from within the troop areas, since the deposition  of particulates should not
vary substantially within the individual troop locations. Samples for organic and metals
analyses were wkcted in pre-ckned l-quart glass bottles with  TM-lined lids. Samples
we= collected with disposable Teflon-coated SCOOTS and/or ~JW&S to avoid organic and/or
metals wntamir&on  from the sampling equipment and m -on between
sampling sites. Each individual subsample was  placed in a quart bottle and mixed
thoroughly with the other sulMamples. In addition, the SampleJ were mixed prior to
extraction to ensure a homogeneous sample.
sample site were selected at random.

Individual sub-sample Io&ons within each
Sample bottles were label& with pertinent information

(i.e.,  identification number, sample  type,  date and time, location,  m of wllector)  and
placed in containers for shipment to the lakatory.

QD Teflon is a registered trademark of E-1. DuPont & Nemous & Co., Inc., Wiiington,
Delaware.
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c. Sam~liu~  Locations. Sampling locations  were selected  based  on their proximity to
where a nutjority  of U.S. troops and DOD civilians were located for extended peri& of
time during and after the war (see  Figures C-l and C-2 and Table C-4). The only  exception
was the Ahmadi Hospital site which was selected  due to it’s close  proximity to the fires (less
than 400 meters) and it’s use by other agencies  including the (EPA, Harvard  School of
Public Health and the Kuwait Environmental Rote&on Division). This site date can be used
to compare near-source soil data with  that wllected from sites at varying distances  from the
fires. In addition to sites selected  for sampling,  Table C-4 also contains  sampling dates  and
sample  locations within each site. Complete  descriptions of ach sampling lotion  are
contained in Appendix B of the interim report. Individual sample  sites are shown  in Figures
C-3 through C-12.

o trol (OA/OC] QAQC meaSures  for sampling and
n,ny conclusions  regarding risk. The standard QA/QC

pr~~Iures  implemented throughout this HRA included: duplim samples  (10 percent), split
samples  (5 percent), holding times, sample  preservation,  chain  of custody,  spiked  samples  in
the laboratory and sample  collection information.

(1) Duplicate and split  sample  analyses  results are contained in Tables C-5 through
C-11. Duplicate samples  represent samples  that are collected  from the exact same location
within a sampling site;  however, the subsamples are collected from different  locations within
the sampling W. Split mples are a division of the same sample  that is analyzed twice in
the laboratory. Randomly chosen duplicate  and split samples  were analyzed using the “t”
test to &termine the difference in the mean  and variance of duplicate pairs. The threshold
significance  value for the 95 percent confidence  level in the data (two tailed test)  is 2 -2. The
combined duplicate and split sample  data  were evaluated by chemical and the “t” statistic
ranged from -1.66 to 2.17. Therefore, based  on the statistical  evaluation that the samples  are
not signifrmtly  different, the soil  sample  data quality is considered  adequate for use in the
H&L

(2) Holding Tmes. The holding  time for semivolatile organics is 14 days. Table
C-12 shows  the holding times for the various sample site collections  from the two rounds
presented in the interim v. Holding times  ranged from 13 to 40 days  with  a ma of
22 days. Holding times for the second  round of sampling improved and had a mean of 16.5
days. The logisticzil  difficulties associated  with wrting samples  within the region and
back to the United States  for analysis  greatly contributed to the difficulties in meeting holding
times. The,holding  time for total metals  analysis  (see  Table C-13) is 6 months, with  the
exception  of mercury which is 28 days.  Holding times for metals  mnged from 16 to 40 days
with  a mean of 27 days.  Holding times  for rounds 3 and 4 were not a problem. The
samples  were collected close to departure times back to the U.S.,  and the samples  were
tied on the aircraft  and delivered to the USAEHA  laboratory immediately upou return.
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Figure  C-2, Soill Sampling  Sites in Kuwait.



TADLB c-4. Summary of Project Sampling Locations ?
EP

BAltPLI#O  DATE8

BhUPLIllO BlTB
UICATIOW

BAWPLB
DBBIIIHATIOY ROW 1

.

ROUMB 2 x
F7

Khobar Towers 600 yards southwest of main gate E.
Al Kbobar,  SA Horth and of aoccar field west of Bldg. 414

DA-lA/lB 14 Hay 91 12 September 91
DA-2A/2B

rt
. . ' 0

camp 1
Al Jubayl, SA

Parking area cloeast to southwest gate (due warrt of Bldg. 305)
Due waet of Bldg. 133, eouthaast of rear gate
Around Bldg. 207

DA-3A/3B
DA-4A/4B
DA-5A/SB

Eekan  Village
Riyadh, 81

KKNC
8h

Camp Freedom
Kunait

Footnotes. Se0 Page C- .

Camp  Command Post (Office 1 Complex) AJ-lA/lB 12 nay 91
Around Waatawatar Treatment Plant, east corner of camp

15 Auguet 91

Around transformera near Bldg. 910 A, on southaaet side of camp
hJ-2A/2B
AJ-3Aj3B

Volleyball court area, south corner of camp
Recreation Canter 3 around Bldg. 912 A

AJ-4A/4B
AJ+A/SB

Aray mid@, Bldg. B6-09, physiaal training arma
AF aide, madian  atrip l aroa8 from (Amy ride) Bldqm, 431 and 433
AP eida, median rnd eidewnlk strip opposite Bldg. 415
Amy aide Wadi, near C ltraat gate
AP side, piry ama by Villa 1-16

R-IA/lB 16 nay 91 24-26 August 91
R-2h/2B
R-3A/3B
R4h/41
R-Sh/Ill

Field waat of PN laboratory trailer (Padgatt Laboratory)
Hardball intaraaotlon near Hotel Panza
POHCUS  eita at King Khalid Military City
2nd AD (F), 2nd ACR, site near 22nd SUP COt4 Support Canter
East of caterer aita for 3rd AD BIVOUAC, near KKMC

KK-lA/lB 18 May 91 24-26 August 91
KK-2A/2B
KK-3A/38
KK-4A/4B
KK-SA/SB

Southwest side of camp, acco6s  from helipad
South side of camp, near outside wall
Due south of mosque
Strip south 'of Bldg. FlOO6
Strip aouth of Bldg. 2008

CF-lA/IB 10 Hay 91 2 4 - 2 6  A u q u e t 91
CF-2A/2B
CF-3A/3B
CF-4A/4B
CF-SA/SB



TABLB C-4. Summary of Project Sampling  Locations
(continued)

BNlPLIW SITE BAHPLH
l&CATION BmBPLlYa Bun-BITD DESI<IUATIOY BODBD 1 ROUBD 2

Hilitary tfO8pitd Eaet of hospLtal,  west of temporary helipad, almoet directly WH-lA/lB 25 Way 91 24-26 August 91
Kuwait between hospital and helipad

Boutheaet of mosque HH-2A/28
South  and east  of permanent helipad, on west eide of hospital WW-3A/3B

Camp Thunderock Near road to entertainment city, eaat of camp, directly weet CT-lh/IB 3 July 91 24-26 Auguet 91
Doha, K u w a i t o f  r o a d , in line with couth perimeter of oamp

Direct1
'I

east of aamp, between camp and CT-lA/lB sampling CT-2h/2B
locat  on, in line with south  perimeter of camp

Eaet OF camp, wetat of road to entertainnent city, in line with CT-3A/3B
north perimeter of aanp

In line with old repeation  area, now no l ans land due to ammo  CT-4A/4B
etorage ewploeion

In line with old recreation area,
etoraqe exploeion+

now no mans land due to ammo CT-M/56

U, S , Embassy
K.C., K u w a i t

Between volleyball court and pool building
Between volleyball cdurt, playground equipment, and camp
perimeter

EH-1A/lB 23 Hay 91 24-26 August 91
EH-2A/2B

Behind guard house, between guard houee and Arabian Gulf St. EH-3A/3B
Behind Ambassadors Houaa, between house and camp perimeter EN-4A/QB

A l  A h m a d i  H o s p i t a l North of parking area AH-lA/lB
Kuwait Weet of parking area AH-2A/2B

East of parking area AH-3A/30

Footnotes.
SA = Saudi Arabia.
KKMC = Kin4 Khalid  Military City.
K.C. = Kuwait C i t y .
l - The CT-4B sampling location had to be moved to south perimeter due to live UXO in no mans land.
+ = The CT-5l3 sampling location had to be moved to north perimeter due to live UXO in no mans land.
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Figure C-4.’ Location of Cmng I I At Jubatt, Saudi Arabia.
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Final kpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dac 91
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POWER PLANT
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AIR SAMPLING  SITE l

M A I N  G A T E  -

CAMP
THUNDERROCK
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eT-5 SAMPLING LOCATION FOLLOWING A? THUNDERROCK

Figure C-9. Soil Sampling Locations at Camp Thunmck, Doha, Kuwait.
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Figure C-l 0. Soil Sampling Locations at Kuwait Military Hospital.

c-21



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 My
- 3 Deb 91

STREET

COMPOUNO ENIRANCE EMEMSY  CWIWUND  WAIL
‘

.\ ALLEY . 1.6
b
bb

EMBASSY ,

nn COURT

AMBASSADOR’S
HQUSE

_ ARABIAN GULF SlRER

.

Figure C-1 1. Soil Sampling Locations at U.S. Em-, Kuwait City.



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 D@c-91

AHMAOI HOSPITAL

AH-2

- PARKING -

‘KUWAIT LFlvlRONMENTAL  PROtECTlON  DIVISION

Figure C-f 2. Soil Sampling Locations at Al Ahmadi Hospital, Kuwait.

C - 2 3



Final Rpt, Kuwait Oil Fire EJRA No. 39-26-L192-91, 5 My I 3 Dee 91

TABLE c-5. Change in Total Metals ConcentratZa*
for Quality Assurance/Quality Control Samples
Khobar Towers, Al Khobar, Saudi Arabia

DUPLICATZ! 8ANPLE

MBTAL DA-PB DA-22klB+ CmurGE +/- %

Aluminum 3400 3100 -8.82
Arsenic 1.6 1.3. -18.75
Beryllium 0.085 0 . 1 0 17.65
Calcium 13000 10000 -23.08
Cadmium 3.8 4.4 15.79
Chromium 16 15 -6.25
Iron 3500 3500 0.00
Mercury 0.052 0.059 13.46
Magnesium 13000 10000 -23.08
Sodium 6900 5900 -14.49
Nickel 23 22 -4.35
Lead 10 9.4 -6.00
Vanadium 16 13 -18.75
Zinc 46 67 45.65

S P L I T  MKPLE

METAL DA-58 DA-5HW CEAHGE +/- %

Aluminum 2300 2600 13.04
Arsenic 0.92 0.94 2.17
Beryllium 0.095 0~0!%!5 0.00
Calcium 56000 61000 8.93
Cadmium 3.0 3.0 0.00
Chromium 12 14 16.67
Iron 2500 2900 16.00
Mercury 0.038 0.038 0.00
Magnesium 6700 6900 2.99
S o d i u m 580 480 -17.24
Nickel 22 20 -9.09
Lead 6.2 9.2 48.38
Vanadium 10 12 20.00
Zinc 34 33 -2.94

Footnotes.
l = All total metals concentrations are expm

per kilogram (mgjkg).
ixc milligrams

+ = A "D" indicates a duplicate sample: a "SW indimtes a split
sample.
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Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABLE C-6. Change in Total Metals Concentrations*
for Quality Assurance/Quality Control Samples
Eskan Village, Riyadh, Saudi Arabia

DtlPLIeATE SUPLB

METAL R-28 R-PB-D+ CHANGE +/- %

Aluminum 3000
Arsenic 2.5
Beryllium 0.62
Calcium 140000
Cadmium 2.1
Chromium 22
Iron 5400
Mercury 0.019
Magnesium 2670
Sodium 1400
Nickel 14
Lead 11
Vanadium 18
Zinc 51

3670
2.2
0.48

110000
1.0

19
5600

0.020
3310
6200

19
10
19
56

22.33
-12.00
-22.58
-21.43
-52.38
-13.64

3.70
5.26

23.97
342.86
35.71
-9.09
5.56
9.80

SPLIT SAMPLE

METAL R - 4 8 R-48-8' CmNGE +/- %

Aluminum 3420 3680 7.60
Arsenic 1.6 3.4 112.50
Beryllium 0.41 0.44 7.32
Calcium 130000 180000 38.46
Cadmium 2.3 2.5 8.70
Chromium 19 21 10.53
Iron 4800 4900 2.08
M e r c u r y 0.0195 0.020 2.56
Magnesium 3120 3280 5.13
Sodium 7000 6900 -0.14
Nickel 16 17 6.25
Lead 11 13 18.18
Vanadium 19 21 10.53
Zinc 32 37 15.63

Footnotes.
* = All total metals concentrations are expressed in milligrams

per kilogram @g/kg).
+ = A rrDvl indicates a duplicate sample: a "St1 indicates a split

sample.
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TABLE C-7. Change in Total Metals Concentratia*
for Quality Assurance/Quality Cw&ruI Samples
King Khalid Military City, Saudi Arabia

METAL xx-28 5-tl3a+ CEl4MGE +/- %

Aluminum 3750 3630 -3.20
Arsenic 2.9 2.9 0.00
Beryllium 0.53 0.41 -22.64
Calcium 96000 130000 35.42
Cadmium 2.0 2.4 20.00
Chromium 18 20 11.11
Iron 5200 4700 -9.62
Mercury 0.038 0.039 2.63
Magnesium 6170 6830 10.70
Sodium 350 300 -14.29
Nickel 16 14 -12.50
Lead 6.4 4.3 -32.81
Vanadium 20 20 0.00
Zinc 4.75 96 1921.05

Fooinotes.
* = All total metals concentrations are expm

per kilogram (mg/kg),
in milligrams

+ = A "D" indicates a duplicate sample: a "S" Micates a split
sample.
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TABLE! C-8. Change in Total Metals Concentrations*
for Quality Assurance/Quality Control Samples
Camp Freedom, Kuwait

DUPLICATg SAWPLE

METAL CF-1B CP-1B-D+ CEaNGE +/- %

Aluminum 4130 2710 -34.28
Arsenic 1.1 0.67 -39.09
Beryllium 0.43 0.37 -13.95
Calcium 43000 26000 -39.53
Cadmium 0.95 1.0 5.26
Chromium 14 8.3 -40.71
Iron 4100 2800 -31.71
Mercury 0.0195 0.0195 0.00
Magnesium 4500 2770 -38.44
Sodium 210 180 -14.29
Nickel 15 4.9 -67.33
Lead 6.7 4.5 -32.84
Vanadium 16 11 -31.25
Zinc 12 10 -16.67

SPLIT SBHPLE

METAL CF-28 cP-2B-s+ CHANGE +/- %

Aluminum 2320 3290 41.81
Arsenic 0.96 0.97 1.04
Beryllium 0.23 0.32 39.13
Calcium 22000 25000 13.64
Cadmium 0.95 0.9 -5.26
Chromium 17 12 -29.41
Iron 2700 3400 25.93
M e r c u r y 0.019 0.018 -5.26
Magnesium 3060 3410 11.44
Sodium 120 180 50.00
Nickel 16 13 -18.75
fRad 7.2 4.8 -33.33
Vanadium 10 12 20.00
Zinc 4.8 19 295.83

Footnotes.
l = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
+ = A "D" indicates a duplicate .sample; a "S1' indicates a split

sample.
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TABLE C-9. Change in Total Metals Concentrations*
for Quality Assurance/Quality Control Sample
Military Hospital, Kuwait

SPLIT SUPLE

METAIJ ME-18 nn-la-s+ CBBNGE  +/- %

Aluminum 5850 6760 15.56
Arsenic 2.1 2.x 0.00
Heryllium 0.42 0.5 19.05
Calcium 34000 41000 20.59
Cadmium 0.95 2-8 194.74
Chromium 31 34 9.68
Iron 6900 8400 21.74
Mercury 0.019 0.020 5.26
Magnesium 7380 8810 19.38
Sodium 330 330 0.00
Nickel 33 40 21.21
Lead 24 17 -29.17
Vanadium 25 29 16.00
Zinc 57 50 -12.28

Footnotes,
* = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
+ = A "Sn indicates a split sample,
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Final Rpt, Kuwait Oil Fire EIRA No. 39-26-L192-91, 3 May - 3 Dee 91

TABLE C-10. Change in Total Metals Concentrations*
for Quality Assurance/Quality Control Samples
Camp Thunderock, Doha, Kuwait

DUPLICATE SAMPLE

METAL CT-18 n-lB-D' CHANGE +/- %

Aluminum 2940 2570 -12.59
Arsenic 2.2 0.99 -55.00
Beryllium 0.43 0.26 -39.53
Calcium 160000 90000 -43.75
Cadmium 3.7 11 197.30
Chromium 17 14 -17.65
Iron 3200 2800 -12.50
Mercury 0.019 0.0185 -2.63
Magnesium 3790 3240 -14.51
Sodium 1300 660 -49.23
Nickel 18 17 -5.56
Lead 7.3 5.2 -28.77
Vanadium 20 . 14 -30.00
Zinc 24 76 216.67

Footnotes.
* = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg). _
+ = A "Dn indicates a duplicate sample.'
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TABLE C-11. Change in Total Metals Concentrations*
for Quality Assurance/Quality Control Samples
U.S. Embassy, Kuwait City, Kuwait

DUPLICATE SA.MPLP

METAL PM-1B EN-lwIB+ CEmGE +/- %

Aluminum 5570 3310 -40.57
Arsenic
Beryllium
Calcium
Cadmium
Chromium
Iron
Mercury
Magnesium
Sodium
Nickel
bad
Vanadium
Zinc

2.0
0.48

94000
2.6

24
6700

0.040
7390
880
35

20
21
76

1.5 -25.00
0.39 -18.75

150000 59.57
2.6 0.00

16 -33.33
4000 -40.30

0.0195 -51.25
5680 -23.14
1300 47.73

22 -37.14
13 -35.00
16 -23.81
54 -28.95

SPLIT 8-U

Aluminum 4900 5480 11.84
Arsenic 1.6 1.6 0.00
Beryllium 0.41 0.48 17.07
Calcium 68000 53000 -22.06
Cadmium 2.3 2.2 -4.35
Chromium 22 24 9.09
Iron 6100 6800 11.48
Mercury 0.0195 0.020 2.56
Magnesium 7020 7190 2.42
Sodium 770 500 -35.06
Nickel 32 38 18.75
Lead 26 25 -3.85
Vanadium 20 22 10.00
Zinc 66 75 13.64

Footnotes.
* = All total metals concentrations are expmssed in milligrams

per kilogram (mg/kg).
+ = A "D" indicates a duplicate sample: a "SW indicates a split

sample,
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TABLE C-12. H&ding Times for Samples Analyzed for
Semivolatile Organic Compounds

SITE HOLDING TIME (days)

Khobar Towers, Al Khobar, SA 23
Camp 1, A l  J u b a y l ,  SA 27
Eskan Village, Riyadh, SA 23
KKMC, SA 17
Camp Freedom, Kuwait 31
Military Hospital, Kuwait 40
Camp Thunderock, Doha, Kuwait 14
U.S. Embassy, Kuwait City, Kuwait 40

ROUND2

Khobar Towers, Al Khobar, SA
Camp 1, Al Jubayl, SA
Eskan Village, Riyadh, SA
KKMC, SA
Camp Freedom, Kuwait
Military Hospital, Kuwait
Camp Thunderock, Doha, Kuwait
U.S. Embassy, Kuwait City, Kuwait

Footnotes.
SA = Saudi Arabia.
Kmc = King Khalid Military City.

13
21
17
16
16
17
17
16
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TABLE C-13. Holding Times for Samples Analyzed for Metals

SITE EOLDIBG TxnE (days)

Khobar Towers, Al Khobar, SA 20
Camp 1, Al Jubayl, SA 22
Eskan Village, Riyadh, SA 18
KRMC, SA 16
Camp Freedom, Kuwait 24
Military Hospital, Kuwait 38
Camp Thunderock, Doha, Kuwait 19
U.S. Embassy, Kuwait City, Kuwait 40

Khobar Towers, Al Xhobar, SA
Camp 1, Al Jubayl, SA
Eskan Village, Riyadh, SA
KKMC, SA
Camp Freedom, Kuwait
Military Hospital, Kuwait
Camp Thunderock; Doha, Kuwait
U.S. Embassy, Kuwait City, Kuwait

F o o t n o t e s .
SA = Saudi Alrabia.
KKMC = King Khalid Military City.

20
23
31
31
31
3 1
31
31
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Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

(3) Sample Preservation. The only  sample  preservation required for semivolatiles
and metals in soils  is cooling to 4 “C. Samples  were kept cool during storage and shipment
when possible. However,  due to storage and traaSpOztation  difficulties (i.e., length of
shipment times)  there were instances  when  samples  were not kept pled to 4 “C. Although
this situation  violates sample  presentation B, as dm an exceedance of holding
times, the inherent stability  of metals and many  of the semi-volatile  causes  this situation  to
have less of an impact on sample  validity than  with many  less stable  compounds.

(4) Chain  of Custody  Procedures. Chain  of custody  procedures were used to
maintain sample  integriv as they moved from sampling siW to the USAEW laboratory.
All personnel involved in the collection,  transportatioa, and analyses  of samples  were
informed of, and carried out, all appropriate chain of custody  procedures.

(5) Background Samples.  The selection  of locations  for buckground sampling was
based on the extent of impact the oil fire plume was  expeded to have on that location. The
sampling conducted at King Khalid Military City  (KKMC)  and E&n Village (Riyadh),  Saudi
Arabia was considered background sampling  with respect to expected plume impact. The use
of these two sites as representative of background for the region presented several problems.
Thenaturalbackgiwndlevelformetals~yvaryagreatdealbetweensiteslocatedthisfar
apart. In addition, the contributicm  from industrial w (anthropogenic background) to
metalaad~backgrrwmle~at~sitesw~probably~~~nttattheother
sites. The Riyadh site had a large -hen&l complex within 5 miles of the sampling
areas. The KKMC  site was mdeed located  far from cwtributing industrial sources;  however,
the= was an asphalt plant and constant military traffic,  (aircraft and vehicles)  at the
installation. Contributing and confounding faaors such as these  make it very difficult to
determine what a true background is for the region.

.
santtles.

Dle&taly&.  AppwdixEdetailstheanalyti~meth&usedinthisHRAforsoil
Other specifics  co=mi.ng  analytical

contained in this appendix.
paxanmmandlaboratoqQA/QCareaIso

*f. Additionalsambhng . A return trip to Kuwait and Saudi Arabia was  made in October-
November  1993 to conduct additional soil sampling for chromium and other metals. Most of
the Geld  and bratory  methodology was the same as the 1991 trip, except for the chromium
analysis  and depth sampling. Details of the methcxlology  are contained in Annex i of this
qqnzndixandAppendixI,thatdiscu
discussed  in Apndix E.

sses the lalmm.ory and field chemistry methodologies are
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4. RESULTS AND DISCUSSION  OF SOIL ANALYSES.

a. Metals Results.

(1) Tables C-14 through C-22  present  the total  metals  analyses -Its for soil
samples  collected in Saudi Arabia and Kuwait  during sampling rou& 1 and 2. These  tables
also  give the percent change for each sample between rou&. Tabks C-23 through C-24
show  the mean and upper value of the 95 percent  confideace W (95 percent UCl) for
these soil samples, presented by metal for =h site. Tables  C-25 thrwgh C-31 show the
lxxcentchangeinmeanand95 percent UCI for metals  between  zzxmpl&  rounds 1 and 2 for
each site. In addition to presenting the QA/QC sample  e (i-e.,  splits  and duplicates),
Tables C-5 through C-11, also  show the changes in vale by metal for each site. All metals
detect& in the soil samples were considered contaminants of coixern and were evaluated for
potential risk to DOD personnel. To separately assess  the impel  of the oil Eres on the soil
in the region through deposition of perticulates,  samples  from zormds  1 and 2 were
compared. Sampling round 1 was  considered backgrouud, con&iqt&naturaland
anthrqmgenic levels of metals. The subsequent rounds were iuta%d  to measure any
deposition of fire related m with an eqxcted increasc in metals levels. Table C-32
shows  the metals, for each site, that had a statisticauy sim brwse in concentratioll
between sampling round one, rqnxentiug background,  and sampling rat&s 1 and 2. The
~~~ofrr=sultsofthis~~gefforewasdetermiaedwitbtbc~“t”teSt
outlined by Snedecor and Co&an in reference  12. This sta!%id  rnti compares the
mple means (i.e., average value) and the sample vhnce  to mkulate the “t” value. The
threshold “t” value (one-tailed because only increases were  mhmed) was less  than 2.13.
This~ysisresultedinalistofchemicaisthat~~ateachsae.  Thisincrea~ein
concenhation was based on the 95 percent cont%ience  interval  of the mesa which exceeds  the

-EPA  acceptable level of 90 percent.

(2) Table C-32 illustmtes that there is no con&tent i.ncmsein~ilmetals
concentrations between sampliug rounds 1 and 2. Three of the five e monitored in
Kuwaithadnometalsthat~inco~~~~~~roundsland2.  The
other two sites had only one or two (out of a possible 14) metals &rease in wncentration.
llxse were not merals ass&a&d with Kuwait  crude oil and t&z&cue are probably  not fire
related. W of the four sites  in Sandi Arabia had increases  in metals levels. Two sites
hadiacffasesinonlyonemetal,andthesearewtbelievedtobe~~.  Theothersite
@hobar Towers) had an ti
possibly be fire related.

in five metals, two (nickel  aad mercury) which could
A careful evaltion of the soil sampling dam from rounds 1 and 2

indicatesthat,in~likelihood,thesporradicincteasesinmetal~~satthe
monitoring sites are not the result of the oil Gres. Q&her  factors such as the heavy military
activity in the monitoring areas, increased industrial activity following the war, or
redistribution of the soil and sand by wind following breakup of the nasuml  desert crust by
military vehicles, could have caused these increases.

(3) Soil samples results  from rounds 3 and 4 (see Tables C-33 through C-57),
including depth profiles,  were not statistically compared to rou&+ 1 aad 2. However,  even a
cursory examination of the data from rounds 3 and 4, show tits to ixz very similar to
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